Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



CONVERSATIONS 



ON 



CHEMISTRY; 



IN WHICH 

^]^e <BUmm» of tjbat Sbcience 

ARK 

FAMILIARLY EXPLAINED 

AND 

ILLUSTRATED BY EXPERIMENTS. 



BY MRS. MARCET. 



THE SIXTEENTH EDITION, BEYISEB AND COBBECTED. 



IN TWO VOLUMES. 

VOL. L — ON SIMPLE BODIES 





LONDON: ^'^-^JXi^ 

LONGMAN, BROWN, GREEN, AND LONGMAN& 

1853. 



/^J. c ,^^. 



London : 

SwijiiwooDEs and Shaw 
N«w-str«ct.8quare. ' 



i 



ADVERTISEMENT. 



In the Tenth Edition of this work a Con- 
versation was added on the Steam-engine, 
a machine which contributes so abundantly 
to the wealth, power, and happiness of this 
country, that the Author considered it as 
deserving of particular attention. 

In the Eleventh Edition, Chlorine has 
been substituted in the place of oxymuri- 
atic acid ; the theory of the latter being 
considered as erroneous, and that of the 
former fully established. 

In the Twelfth Edition, the Conversation 
on Electro-Chemistry has undergone con- 
siderable alterations; and the Thirteenth 
and Fourteenth Editions have been revised 
throughout. 

In the present Edition the Author has 
attempted to give a sketch of the principal 
discoveries which have recently been made 
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IV ADVERTISEMENT. 

in Chemistry ; and wishing that her pupils 
should obtain some knowledge of the pro- 
gress which has taken place in Agricul- 
ture, resulting from its connection with 
Chemistry, she has found it necessary to 
add a Conversation (the 22nd) upon this 
subject. 



PREFACE. 



In venturing to offer to the public, and 
more particularly to the female sex, an 
Introduction to Chemistry, the Author 
conceives that some explanation may be 
required ; and she feels it the more neces- 
sary to apologise for the present under- 
taking, as her knowledge of the subject is 
but recent, and as she can have no real 
claims to the title of chemist. 

On attending, for the first time, experi- 
mental lectures, the Author found it almost 
impossible to derive any clear or satisfac- 
tory information from the rapid demon- 
strations which are usually, and perhaps 
necessarily, crowded into popular courses 
of this kind. But frequent opportunities 
having afterwards occurred of conversing 
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with a friend on the subject of chemistry, 
and of repeating a variety of experiments, 
she became better acquainted with the 
principles of that science, and began to 
•feel highly interested in its pursuit. It was 
then that she perceived, in attending the 
excellent lectures delivered at the Royal 
Institution by Sir Humphry Davy, the 
great advantage which her previous know- 
ledge of the subject, slight as it was, gave 
her over others who had not enjoyed the 
same means of private instruction. Every 
fact or experiment attracted her attention, 
and served to explain some theory to 
which she was not a total stranger ; and she 
had the gratification to find that the nu- 
merous and elegant illustrations, for which 
that school is so much distinguished, seldom 
failed to produce on her mind the eflfect for 
which they were intended. 

Hence it was natural to infer, that fami- 
liar conversation was, in studies of this kind, 
a most useful auxiliary source of inform- 
ation; and more especially to the female 
sex, whose education is seldom calculated 
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to prepare their minds for abstract ideas, 
or scientific language. 

As, however, there are but few women 
who have access to this mode of instruction, 
and as the Author was not acquainted with 
any book that could prove a substitute for 
it, she thought that it might be useful for 
beginners, as well as satisfactory to herself, 
to trace the steps by which she had acquired 
her little stock of chemical knowledge, and 
to record, in the form of dialogue, those 
ideas which she had first derived from 
conversation. 

But to do this with sufficient method, 
and to fix upon a mode of arrangement, 
was an object of some difficulty. After 
much hesitation, and a degree of embarrass- 
ment, which, probably, the most competent 
chemical writers have often felt in common 
with the most superficial, a mode of divi- 
sion was adopted, which, though the most 
natural, does not always admit of being 
strictly pursued — it is that of treating first 
of the simplest bodies, and then gradually 
rising to the more intricate compounds. 

X i 
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It is not the Author's intention to enter 
into a minute vindication of this plan. But 
whatever may be its advantages or incon- 
veniences, the method adopted in this work 
is such, that a young pupil, who should 
only recur to it occasionally with a view to 
jprocure information on particular subjects, 
might often find it obscure or unsatisfactory ; 
for its various parts are so connected with 
each other as to form an uninterrupted chain 
of facts and reasonings, which will appear 
sufficiently clear and consistent to those 
only who may have patience to go through 
the whole work, or have previously devoted 
some attention to the subject. 

It will, no doubt, be observed, that in 
the course of these Conversations remarks 
are often introduced which appear much 
too acute for. the young pupils by whom 
they are supposed to be made. Of this 
fault the Author is fully aware. But, in 
order to avoid it, it would have been ne- 
cessary either to omit a variety of useful 
illustrations, or to submit to such minute 
explanations and frequent repetitions as 
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would have rendered the work tedious, 
and therefore less suited to its intended 
purpose. 

In writing these pages, the Author was 
more than once checked in her progress 
by the apprehension that such an attempt 
might be considered by some, either as 
unsuited to the ordinary pursuits of her sex, 
or ill-justified by her own imperfect know- 
ledge of the subject. But, on the one hand, 
she felt encouraged by the establishment 
of those public institutions, open to both 
sexes, for the dissemination of philosophical 
knowledge, which clearly prove that the 
general opinion no longer excludes women 
from an acquaintance with the elements of 
science ; and, on the other, she flattered 
herself that whilst the impressions made 
upon her mind by the wonders of Nature, 
studied in this new point of view, were still 
fresh and strong, she might, perhaps, suc- 
ceed the better in communicating to others 
the sentiments she herself experienced. 

The reader will perceive, in perusing this 
work, that he is supposed to have previously 
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acquired some slight knowledge of natural 
philosophy, a circumstance so desirable, 
that the Author has, since the original pub- 
lication of this book, been induced to oflfer 
the public a small work, entitled " Con- 
versations on Natural Philosophy," in which 
the most essential rudiments of that science 
are familiarly explained. 
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CONVERSATION I. 

ON THE GENERAL PEINCIPLES OF CHEMISTRY. 



MRS. B. 

As you have now acquired some elementary 
notions of Natural Philosophy, I am going to 
propose to you another branch of science to which 
I am particularly anxious that you should devote 
a share of your attention. This is Chemistry, 
which is so closely connected with Natural Phi- 
losophy, that the study of the one must be incom- 
plete without some knowledge of the other ; for 
it is obvious that we can derive but a very im- 
perfect idea of bodies from the study of the 
general laws by which they are governed, if we 
remain totally ignorant of their intimate nature. 

CAROLINE. 

To confess the truth, Mrs. B., I am not disposed 
to form a very favourable idea of chemistry, nor 
do I expect to derive much entertainment from iU 

VOL. I. B 
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I prefer sciences which exhibit nature on a grand 
scale, to those that are confined to the minutiae of 
petty details. Can the studies which we have 
lately pursued, the general properties of matter, or 
the revolutions of the heavenly bodies, be com- 
pared to the mixing up of a few insignificant 
drugs? I grant, however, there may be enter- 
taining experiments in chemistry, and should not 
dislike to try some of them ; the distilling, for in- 
stance, of lavender, or rose-water. 

MRS. B. 

I rather imagine, my dear Caroline, that your 
want of taste for chemistry proceeds from the very 
limited idea you entertain of its object. You 
confine the chemist's laboratory to the narrow 
precincts of the apothecary's and perfumer's shops, 
whilst it is subservient to an immense variety of 
higher and more useful purposes. Besides, my 
dear, chemistry is by no means confined to works 
of art. Nature also has her laboratory, which is 
the universe, and there she is incessantly employed 
in chemical operations. You are surprised, Caro- 
line ; but I assure you that the most wonderful 
and the most interesting phenomena of nature are 
almost all of them produced by chemical powers. 
What Bergman, in the introduction to his History 
of Chemistry, has said of this science, will give you 
a more just and enlarged idea of it. He observes, 
that the knowledge of nature may be divided into 
three periods. The first is that in which the at- 
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tention of men is occupied in learning the exter- 
nal forms and characters of objects : this is called 
Natural History. In the second, they consider the 
effects of bodies acting on each other by their me- 
chanical power, as their weight and motion ; which 
constitutes the science oi Natural Philosophy. The 
third period is that in which the properties and 
mutual action of the elementary parts of bodies are 
investigated: this last is the science of Chemistry, 
and I doubt not you will soon agree with me in 
thinking it the most interesting, 

CAROLINE. 

Chemical action and properties of the elements 
of bodies ! Oh, Mrs. B., that sounds alarmingly 
difficult* 

MRS. B. 

Without entering into the minute details of 
practical chemistry, or penetrating into the pro- 
found depths of the science, a woman may obtain 
such a knowledge of chemistry as will not only 
throw an interest on the common occurrences of 
life, but will enlarge the sphere of her ideas, and 
render the contemplation of nature a source of 
delightful instruction. 

CAROLINE. 

If this is the case, I have certainly been much 

mistaken in the notion I had formed of Chemistry. 

I own that I thought it was chiefly confined to the 

knowledge and preparation of medicines. 
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MRS. B. 

That 18 only a branch of chemistry, which is 
called Pharmacy ; and, though the study of it is, 
no doubt, of great importance to the world at 
large, it belongs exclusively to professional men, 
and is, therefore, the last that I should advise you 
to pursue. 

EMILY. 

Did not the chemists formerly employ them- 
selves in search of the philosopher's stone, or the 
secret of making gold ? 

MRS. B. 

These were a particular set of misguided philo- 
sophers, who dignified themselves with the name 
of Alchemists, to distinguish their pursuits from 
those of the common chemists, whose studies were 
confined to the knowledge of medicines. 

But, since that period, chemistry has undergone 
so complete a revolution, that, from an obscure and 
mysterious art, it is now become a regular and 
beautiful science, to which art is entirely subser- 
vient. It is true, however, that we are indebted 
to the alchemists for many very useful discoveries, 
which sprung from their fruitless attempts to make 
gold, and which, undoubtedly, have proved of in- 
finitely greater advantage to mankind than could 
have resulted from their succeeding in their chi- 
merical pursuits. 

The modem chemists, instead of directing their 
ambition to the vain attempt pf producing any of 
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the original substances in nature^ rather aim at 
analysing and imitating her combinations, and 
have sometimes succeeded in forming compounds, 
or effecting decompositions, no instances of which 
occur in the chemistry of Nature. They have, in- 
deed, little reason to regret their inability to make 
gold^ whilst their innumerable inventions and dis- 
coveries have so greatly stimulated industry, and 
facilitated labour, as prodigiously to increase the 
luxuries as well as the necessaries of life. 

EMILY. 

But I do not understand by what means che- 
mistry can facilitate labour : is not that rather the 
province of the mechanic? 

MRS. B. 

There are many ways by which labour may be 
rendered more easy, independently of mechanics ; 
but mechanical inventions themselves often derive 
their utility from a chemical principle. Such, for 
instance, as that most wonderful of all machines, 
the Steam-Engine. In agriculture, a chemical 
knowledge of the nature of soils, and of vegetation, 
is now becoming highly useful ; and in those arts 
which relate to the comforts and conveniences of 
life, it would be endless to enumerate the advan- 
tages which result from the study of this science. 

CAROLINE. 

But pray tell us more precisely in what manner 
the discoveries of chemists have proved so bene- 
ficial to society. 
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MRS. B. 

That would be an injudicious anticipation ; for 
you would not comprehend the nature of such dis- 
coveries and useful applications, so well as you will 
do hereafter. Without a due regard to method, 
we cannot expect to make any progress in science. 
I wish to direct your observations chiefly to the 
chemical operations of Nature ; but those of Art 
are certainly of too high importance to pass wholly 
unnoticed; we shall therefore allow them also 
some share of our attention. 

EMILY. 

Well, then, let us now set to work regularly. 
I am very anxious to begin. 

MRS. B. 

The object of chemistry is to obtain a knowledge 
of the intimate nature of bodies, and of their mutual 
action on each other. You find, therefore, Caroline, 
that this is no narrow or confined science, which 
comprehends every thing material within our 
sphere. 

CAROLINE. 

On the contrary, it must be inexhaustible ; and I 
am at a loss to conceive how any proficiency can be 
made in a science whose objects are so numerous. 

MRS. B. 

If every individual substance were formed of 
different materials, the study of chemistry would, 
indeed, be endless ; but you must observe that the 
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various bodies in nature are composed of certain 
elementary principles which are not very numerous. 

CAROLINE. 

Yes; I know that all bodies are composed of fire, 
air, earthy and water: I learnt that many years ago. 

MRS. B. 

But you must now endeavour to forget it. I 
have already informed you what a great change 
chemistry has undergone since it has become a re- 
gular science. Within these fifty years especially, 
it has experienced an entire revolution, and it is 
now proved that neither air, earth, nor water, can 
be called elementary bodies. For an elementary 
body is one that has never been decomposed, 
that is to say, separated into other substances: and 
air, earth, and water, are all of them susceptible 
of decomposition. 

EMILY. 

I thought that decomposing a body was dividing 
it into its minutest parts^ And if so, I do not un- 
derstand why an elementary substance is not capable 
of being decomposed, as well as any other. 

MRS. B. 

You have misconceived the idea of decomposition^ 
it is very different from mere division. The latter 
simply reduces a body into parts, but the former 
separates it into the various ingredients, or mate- 
rials of which it is composed. If we were to take 
a loaf of bread, and separate the several ingredients 
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of which it is made, the flour, the yeast, the saltj 
and the water, it would be very different from 
cutting or crumbling the loaf into pieces. 

EMILY. 

I understand you now very well. To decom- 
pose a body is to separate from each other the va- 
rious elementary substances of which it consists. 

CAROLINE. 

But flour, water, and other materials of bread, 
according to your definition, are not elementary 
substances. 

MRS. B. 

No, my dear; I mentioned bread, rather as a 
familiar comparison, to illustrate the idea, than as 
an example. 

The elementary substances of which a body is 
composed are called the constituent parts of that 
body; in decomposing it, therefore, we separate its 
constituent parts. If, on the contrary, we divide 
a body by cutting it to pieces, or even by grind- 
ing or pounding it to the finest powder, each of 
these small particles will still consist of a minute 
portion of the several constituent parts of the whole 
body ; these are called the integrant parts. Do you 
understand the difference? 

EMILY. 

Yes, I think, perfectly. We decompose a body 
into its constituent parts ; and divide it into its m- 
tegrant parts. 
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MRS. B. 

Exactly so. If, therefore, a body consist of only 
one kind of substance, though it may be divided 
into its integrant parts, it is not possible to de- 
compose it. Such bodies are therefore called simple 
or elementary^ as they are the elements of which 
all other bodies are composed. Compound bodies 
are such as consist of more than one of these 
elementary principles. 

CAROLINE. 

But do not fire, air, earth, and water, consist, 
each of them, but of one kind of substance? 

MRS. B. 

No, my dear; they are every one of them sus- 
ceptible of being separated into various simple 
bodies. Instead of four, chemists now reckon 
above sixty elementary substances. The existence 
of most of these is established by the clearest ex- 
periments ; but in regard to a few of them, parti- 
cularly the most subtle agents of nature, heaty 
lights and electricity ^ there is yet much uncertainty, 
and the general opinion of philosophers now is, 
that these imponderable agents have no claim to 
materiality ; still the part they play in nature is of 
so great importance, that I must yet suffer them to 
retain their place among that class of bodies which 
are distinguished by the name of imponderable 
agents. After I have furnished you with a list of the 
elementary bodies, classed according to their pro- 
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perties^ we ehall proceed to examine each of them 
acifarately, and then consider them in their com- 
binations with each other. 

The most simple form of bodies is that of ametaL 

CABOLINE. 

You astonish me I I thought the metals were 
only one class of minerals, and that nature abounded 
with other bodies, such as earth, stones, rocks, 
acids, alkalis, vapours, fluids, and the whole of the 
animal and vegetable creation* 

MRS. B. 

You have made a tolerably good enumeration^ 
though not exactly arranged in the most scientific 
order. It is now, however, believed that all these 
bodies may be ultimately resolved into metallic 
substances. Your surprise at this circumstance 
is not singular, as the decomposition of some of 
them, which has been more lately accomplished, 
has excited the wonder of the whole philosophical 
-world. 

But to return to the list of simple bodies — these 
being usually found in combination with oxygen, 
I shall class them according to their properties 
when so combined. This will, I think, facilitate 
their future investigation. 

EMILY. 

Pray, what is oxygen? 

MBS. B. 

A simple body; at least, one that is supposed 
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to be so, as it has never been decomposed. It will 
be one of the first of the elementary bodies whose 
properties I shall explain to you, and, as you will 
soon perceive, it is one of the most important in 
nature. The first class comprehends imponder- 
able agents, which have no weight; we know but 
three of this description; but we must now con- 
fine our attention to the enumeration and classi- 
fication of the simple bodies in general. They 
may be arranged as follows : — 

CLASS I. 

Comprehending the imponderable agents^ viz. 

HEAT or CALORIC, LIGHT, 

ELECTKICITY. 

CAROLINE. 

Heat and light you made us acquainted with in 
our conversations on natural philosophy. By elec- 
tricity you mean, I suppose, that fluid which is 
produced by the electrical machine. 

MRS. B. 

Yes ; but the machine is only a means of collect- 
ing and condensing electricity, so as to render it 
visible: for this powerful agent, far from being 
confined to that apparatus, exists throughout na- 
ture ; we see it in the form of lightning darting 
from one cloud to another, nor is there any body 
in existence in which it may not be detected. 

We will now proceed to 



12 OENEBAL PBINCIPLES 

CLASS 11. 

Comprehending agents capable of uniting with in^ 
flammable bodies , and in most instances of effect^ 
ing their combustion. 

OXYGEN, 
CHLORINE, BROME, 

IODINE. FLUORINE. 

Of these bodies, the last four are of compara- 
tively late discovery, and the part they perform 
in nature is far less important than that of oxygen,- 
which I should not hesitate to consider as the 
principal of natural agents. 

CAROLINE. 

But these are surely not the only bodies capable 
of effecting combustion. The earth abounds with 
combustible bodies, so that it is difficult to meet 
with a substance which will not burn. 

MRS. B. 

The agents of which I am speaking are not 
themselves combustible, but they produce com- 
bustion in other bodies by uniting with them. 

CAROLINE. 

They must then be some species of fire, Mrs. 
B. ; for I do not know any thing else which will 
make things burn. 

MRS. B. 

No, they are not fire, nor have they any analogy 
to it ; but I fear that you must suspend your cu- 
riosity till we come to treat of combustion. 
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The third class of simple bodies is very exten- 
sive, comprehending all the substances capable of 
uniting with those of the second class, and forming 
with them various compounds. 

CAROLINE. 

These then are the combustible bodies. 

MRS. B. 

They are so ; but do not flatter yourself that we 
shall enter upon the subject of combustion at pre- 
sent: we must first labour through the details of this 
long enumeration of simple bodies ; and, in order to 
render it less perplexing, we will consider the third 
class only as it combines with oxygen, setting aside 
chlorine, iodine, and fluorine, for the present. 

This third class is separated into no less than 
five divisions, according to the various sorts of 
compounds which they form by combining with 
oxygen. 

The first division consists of only one substance, 
hydrogen, forming water by its union with oxygen* 

CLASS III. 

Division 1. 
BYDROGBHf fforminff water. 

EMILY. 

This oxygen is indeed a wonderful substance ; 
a sort of Proteus, assuming sometimes the form of 
fire, at others that of water. 
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MRS. B. 

Let not your poetical allusions mislead you: for 
oxygen you will find to be neither fire nor water. 
With bodies comprehended in the second division, 
oxygen forms acids, as follow : — 

Division 2. — Bodies forming Adds, 

NITROGEN, . . . forming nitric acid. 
SULPHUR, . . . forming sulphuric acid. 
PHOSPHORUS, . forming phosphoric acid. 
CARBON, . . . forming carbonic acid. 
BORACIUM, . . forming boracic acid. 
FLUORIUM, . . forming fluoric acid. 

CAROLINE. 

"Well, Mrs. B., what is the next part which this 
universal agent has to perform ? 

MRS. B. 

The third division comprehends such of the 
metallic bodies as form alkalis by their union with 
oxygen. 

Division 3. — Metallic bodies forming Alkalis. 

POTASSIUM, . . . forming potash. 

sodium, forming soda. 

AMMONIUM, . . . forming ammonia. 
LITHIUM, .... forming lithina. 

Nor does the comprehensive agency of oxygen 
stop here ; in the fourth division it converts the 
following bodies into earths : — 
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Division 4. — Metallic bodies forming Earths, 

CALCIUM, or metal forming lime. 
MAGNESIUM, • . • forming magnesia, 

BARIUM, forming barytes. 

STRONTIUM, • . . forming strontites, 
SILICIUM, • • • • forming silex, 
ALUMINIUM, • • • forming alumine. 
TTTRIUM, • • • • forming yttria. 
GLUCINIUM, . • . forming glucina. 
ZIRCONIUM, • • • forming zirconia. 
THORINIUM, • . • forming thorina, 

CAROLINE. 

So then, instead of one single elementary earth, 
according to the simple science of the good old 
times,' we have here nearly a dozen, and all of them 
compounds. You must acknowledge, Mrs. B., 
that the philosophy of our ancestors had the ad- 
vantage of simplicity. 

MRS. B. 
Simplicity has charms only so far as it accords 
with truth. I am far from supposing the present 
classification of simple bodies to be perfectly cor- 
rect ; on the contrary, the investigation and dis- 
coveries of the most celebrated chemists show us 
that occasional alterations already have been, and 
no doubt will continue to be, required: but as long 
as every change brings us nearer to the truth, we 
have no cause to complain of their frequency. I 
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do not mean^ however, to depreciate the labours of 
our forefathers; we profit by their experience, both 
in avoiding their errors, and in following their 
steps when they were in the right path ; and It is no 
small advantage to be furnished with a hand-post, 
which indicates which is the right way, and which 
the wrong one, 

CAROLINE. 

People are very fond of expatiating on the wis- 
dom and experience of our ancestors ; yet we must 
naturally be their superiors, since we have the 
advantage of their accumulation of knowledge to 
follow, and of error to avoid ; and it would surely 
be much more rational to talk of the wisdom and 
experience of ourselves and our posterity, than 
that of our ancestors 

MRS. B. 

I will admit that there is some truth in your 
observation; the present is in reality the oldest age. 
But we are wandering away from our classification 
of simple bodies. 

The fifth division comprehends the metals, either 
naturally in their metallic state, or, if combined with 
oxygen, yielding it to carbon or to heat alone. 

EMILY. 

But what name do you give to these metals 
when united to oxygen ? 

MRS. B. 

It depends upon the quantity of oxygen with 
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which they are united A certain proportion con- 
verts them into bodies called oxides ; a more con- 
siderable dose transforms them into acids ; I shall 
therefore simply enumerate the names of the me- 
tals^ and we shall hereafter consider them in the 
state of oxides and of acids. 

The division is subdivided into malleable and 
brittle metals. 

Division 5. — Metals, either naturally metallic, 
or yielding their oxygen to carbon or to heat 
alone. 

Subdivision 1. — Malleable Metals. 



GOLD, 


COPPER, 


PLATINA, 


IRON, 


PATJiADIUM, 


LEAD, 


BTTiVKB*, 


NICKEL, 


MERCURY t. 


ZINC, 


TIN, 


CADMIUM. X 



* These first four metab have commonly been distinguished 
by the appellation of perfect or noble metals, on account of 
their possessing the characteristic properties of ductility, 
malleability, inalterability, and great specific gravity, in an 
eminent degree. 

f Mercury, in its liquid state, cannot of course be called a 
malleable metaL But when frozen, it possesses a consider- 
able degree of malleability. 

} A metal resembling tin ; which was discoyered in 1817, 
in an ore of zinc, by M. Stromeyer. 

VOL. L C 
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Subdivision 2, — Brittle Metals. 

ARSENIC^ VANADIUM, 

BISMUTH, ERBIUM, 

SELENIUM *, NIOBIUM, 

TELLURIUM, TERBIUM, 

COBALT, PELOPIUM, 

TUNGSTEN, IRIDIUM, 

MOLYBDENUM, OSBHUM, 

TITANIUM, RHODIUM, 

CHROME, RUTHENIUM t, 

ANTIMONY, CERIUM, 

MANGANESE, ZANTHANE, 

URANIUM, DIDYMIUM. X 
COLUMBIUM, or TAN- 
TALIUM, 

CAROLINE. 

Well, it must be confessed that this is rather' a 

* Selenium was discovered by Berzellus in the ferru- 
ginous pyrites of Fahlun in Sweden. It has the metallic 
lustre, but is not a conductor of electricity, and but an 
imperfect one of caloric. It passes into the state of oxide 
and acid, so that it might perhaps more strictly be classed 
with sulphur. It may be distinguished by its smell when in 
a state of vapour, which is that of horse-radish. 

-f These last four or five bodies are placed under this class 
for the sake of classification, though some of their properties 
have not yet been fully investigated. 

I These three last metals are found united in the mineral 
called cerite. 



OF CHEMISTRY, 19 

formidable list : you will have much to do to ex- 
plain it, Mrs. B. 

MRS. B. 

A chemical division being necessarily founded 
on properties with which you are almost wholly 
unacquainted, it is impossible that you should at 
once be able to understand its meaning, or appre- 
ciate its utility, 

EMILY. 

It does not appear to me so difficult : allow me 
to look at it. Here are first the three imponder- 
able agents, heat, light, and electricity ; which, if 
they are not bodies, may, perhaps, be called the 
soul of chemistry: then the all-potent oxygen, 
with its insignificant associates; next follow the 
bodies which oxygen metamorphoses, converting 
one of them into water, seven into acids, four into 
alkalis, and ten into earths. Finally, there are 
six malleable, and nine brittle metals, upon which 
oxygen operates a double transformation, chang- 
ing them either into oxides or acids, according as 
it more or less predominates. 

MBS. B. 

I am glad to find that you have formed so cor- 
rect an idea of this classification ; for it is, I con- 
fess, a difficult task to make an arrangement which 
shall be intelligible to beginners. 

But before we proceed farther, it will be neces-^ 
sary to give you some idea of chemical attraction, 
a power on which the whole science depends. ^ 

o 2 
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C/iemical Attraction, or the Attraction of Com-^ 
position^ consists In the peculiar tendency which 
bodies of a different nature have to unite with each 
other. It is by this force that all compositions and 
decompositions are effected. 

EMILY. 

What is the difference between chemical attrac- 
tion, and the attraction of cohesion or of aggrega- 
tion, which you mentioned to us, in our conversa- 
tions on natural philosophy ? 

MRS. B. 

The attraction of cohesion exists only between 
particles of the same nature, whether simple or 
compound : thus it unites the particles of a piece of 
metal, which is a simple substance ; and likewise 
the particles of a loaf of bread, which is a com- 
pound. The attraction of composition, on the 
contrary, unites, and maintains in a state of com- 
bination, particles of a dissimilar nature : it is this 
power that forms each of the compound particles 
of which bread consists ; and it is by the attrac- 
tion of cohesion that all these particles are con- 
nected into a single mass, 

EMILY. 

The attraction of cohesion, then, is the power 
which unites the integrant particles of a body: the 
attraction of composition, that which combines the 
constituent particles. Is it not so ? 

MRS. B. 

Precisely ; and observe, that the attraction of 
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cohesion unites particles of a similar nature, with- 
out changing their original properties : the result 
of such an union, therefore, is a body of the same 
kind as the particles of which it is formed ; whilst 
the attraction of composition, by combining par- 
ticles of a dissimilar nature, produces compound 
bodies, quite diflferent from any of their consti- 
tuents. If, for instance, I pour on the piece of 
copper, contained in this glass, some of this liquid 
(which is called nitric acid), for which it has a 
strong attraction, every particle of the copper will 
combine with a particle of acid, and together they 
will form a new body, totally different from either 
the copper or the acid. 

Do you observe the internal commotion which 
already begins to take place ? It is produced bv 
the combination of these two substances ; and yet 
the acid has in this case to overcome not only the 
resistance which the strong cohesion of the particles 
of copper opposes to their combination with it, but 
also to overcome the weight of the copper, which 
makes it sink to the bottom of the glass, and pre- 
vents the acid from having such free access to it as 
it would if the metal were suspended in the liquid. 

EMILY. 

The acid seems, however, to overcome both 
these obstacles without diflSculty, and appears to 
be very rapidly dissolving the copper. 

MRS. B. 

By this means it reduces the copper into more 

c 3 
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minute parts than conld possibly b& done by any 
mechanical power. But as the acid can act only 
on the surface of the metal, it will be some time 
before the union of these two bodies will be com- 
pleted. 

You may, however, already see how totally dif- 
ferent this compound is from either of its ingre- 
dients. It is neither colourless, like the acid, nor 
hard, heavy, and yellow like the copper. If you 
tasted it, you would no longer perceive the sour- 
ness of the acid. It has at present the appearance 
of a blue liquid ; but when the union is completed, 
and the water with which the acid is diluted 
evaporated, the compound will assume the form of 
regular crystals of a fine blue colour, and perfectly 
transparent.* Of these I can show you a specimen, 
as I have prepared some for that purpose. 

CAROLINE. 

How very beautiful they are, in colour, form, 
and transparency ! Nothing can be more striking 
than this example of chemical attraction. 

MRS. B. 

The term attraction has been lately introduced, 
into chemistry, as a substitute for the word affinity^ 
to which some chemists have objected, because it 
originated in the vague notion that chemical com- 
binations depended upon a certain resemblance, or 
relationship, between particles that are disposed to 

* These crystals are more easily obtained from a mixture 
of sulphuric with a little nitric acid. 
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unite; and this idea is not only imperfect, but 
erroneous, as particles of the most dissimilar nature 
have generally the greatest tendency to combine. 

CAROLINE. 

Besides, there seems to be no advantage in using 
a variety of terms to express the same meaning ; 
on the contrary, it creates confusion ; and as we 
are well acquainted with the term Attraction, in 
natural philosophy, we had better adopt it in che- 
mistry likewise. 

MBS. B. 

If you have a clear idea of the meaning, I shall 
leave you at liberty to express it in the terms you 
prefer. For myself, I confess that I think the word 
Attraction best suited to the general law that unites 
the integrant particles of bodies ; and Affinity bet- 
ter adapted to that which combines the constituent 
particles, as it may convey an idea of the prefer- 
ence which some bodies have for others, which the 
term attraction of composition does not so well 
express. 

EMILY. 

So I think ; for though that preference may not 
result from any relationship, or similitude, between 
the particles (as you say was once supposed), yet 
since it really exists, it ought to be expressed. 

MBS. B. 

Well, let it be agreed that we may use the terms 

affinity f chemical attraction, and attraction of com- 

c 4 
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position^ indifferently, provided you recollect that 
they have all the same meaning. 

EiaLY. 
I do not conceive how bodies can be decomposed 
by chemical attraction. That this power should be 
the means of composing them, is very obvious ; but 
that it should, at the same time, produce exactly the 
contrary effect, appears to me rather paradoxicaL 

MRS. B. 

To decompose a body is, you know, to separate 
its constituent parts, which, as we have just ob- 
served, cannot be done by mechanical means. 

EMILY. 

No: because mechanical means separate only 
the integrant particles; they act merely against 
the attraction of cohesion, and only divide a com- 
pound into smaller compound parts. 

MRS. B. 

The decomposition of a body is performed by 
chemical powers. If you present to a body com- 
posed of two principles, a third, which has a greater 
affinity for one of them than the two first have for 
each other, it will be decomposed ; that is, its two 
principles will be separated by means of the third 
body. Let us call two ingredients of which the 
body is composed, A and B. If we present to it 
another ingredient, C, which has a greater affinity 
for B than that which unites A and B, it neces- 
sarily follows that B will quit A to combine with 
C. The new ingredient, therefore, has effected a 
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decomposition of the original body A B; A has 
been left alone, and a new compound, B C, has 
been formed. 

CAROLINE. 

Like two friends who were very happy In each 
other's society, till a third disunited them by the 
preference which one of them gave to the new- 
comer. 

MRS. B. 

Very well. I shall now show you how this 
takes place in chemistry. 

Let us suppose that we wish to decompose the 
compound we have just formed by the combination 
of the two ingredients, copper and nitric acid; we 
may do this by presenting to it a piece of iron, for 
which the acid has a stronger attraction than for 
copper; the acid will consequently quit the copper 
to combine with the iron, and the copper will be 
what the chemists call precipitated ; that is to say^ 
it will be thrown down in its separate state, and 
re-appear in its simple form. 

In order to produce this effect, I shall dip the 
blade of this knife into the fluid ; and, when I 
take it out, you will observe, that, instead of being 
wetted with a bluish liquid, like that contained in 
the glass, it will be covered with a thin coat of 
copper. 

CAROLINE. 

So it Is, really ! But then is it not the copper. 
Instead of the acid, that has combined with the 
iron blade ? 
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MRS. B. 

No; you are deceived by appearances: it is the 
acid which combines with the iron> and> in so doing, 
deposits or precipitates the copper on the surface 
of the blade. 

EMILY. 

But are simple substances so exclusive in their 
preference that three or four cannot combine to- 
gether without any of them being precipitated? 

MRS. B. 

That is sometimes the case; but> in general, the 
stronger affinity destroys the weaker; and it sel- 
dom happens that the attraction of several sub- 
stances for each other is so equally balanced as to 
produce such complicated compounds. 

CABOLINE. 

And, pray, Mrs. B., what is the cause of the 
chemical attraction of bodies for each other? It 
appears to me more extraordinary or unnatural, if 
I may use the expression, than the attraction of 
cohesion, which unites particles of a similar nature. 

MRS. B. 

Chemical attraction is, probably, like that of 
cohesion or gravitation, one of the powers inherent 
in matter which, in our present state of knowledge, 
admits of no other satisfactory explanation than 
an immediate reference to a Divine cause. 

I shall now bid you adieu; but, before we part, 
I must recommend you to fix in your memory the 
names of the simple bodies, against our next inter- 
view. 
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CONVERSATION II. 

ON LIGHT, AND HEAT OB CALOBIC. 



CAROLINE. 

We have learned by heart the names of all the 
simple bodies which you have enumerated, and we 
are now ready to enter on the examination of each 
of them successively. You will begin, I suppose, 

with LIGHT? 

MBS. B. 

Respecting the nature of light we have little 
more than conjectures. I have already informed 
you, in our conversations on natural philosophy, 
that it is now generally believed that light is pro- 
duced by the vibrations of a subtle etherial fluid, 
which is supposed to pervade all space; it is there- 
fore rather to the effects it produces on other 
bodies, than to its own immediate nature, that we 
must direct our attention. 

The connection between light and heat is very 
obvious: indeed, it is such, that it is extremely 
difficult to examine the one independently of the 
other. 

EMILY. 

But, is it possible to separate light from heat? 
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I thought they were only different degrees of the 
same things fire. 

MRS. B. 
I have told you that fire was not now considered 
as a simple element. Whether light and heat be 
altogether different agents, or not, I cannot pre- 
tend to decide; but, in many cases, light may be 
separated from heat. The first discovery of this 
was made by a celebrated Swedish chemist, Scheele. 
Another very striking illustration of the separation 
of heat and light was long after pointed out by 
Dr. Herschel. He ascertained that these two 
agents, emitted in the rays of the sun, had dif- 
ferent degrees of refrangibility; for, in separating 
the different coloured rays of light by a prism (as 
we did some time ago), he found that the greatest 
heat was beyond the spectrum, at a little distance 
from the red rays, which, you may recollect, are 
the least refrangible. 

EMILY. 

I should like to try that experiment. 

MRS. B. 

It is by no means an easy one: the heat of a ray 
of light, refracted by a prism, is so small, that it 
requires a very delicate thermometer to distinguish 
the difference of the degree of heat within and with- 
out the spectrum; for in this experiment the heat 
is not totally separated from the light, each co- 
loured ray retaining a certain portion of it, though 
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the greatest part is not sufficiently refracted to 
fall within the spectrum, 

EMILY. 

I suppose, then, that those coloured rays which 
are the least refrangible retain the greatest quan- 
tity of heat. 

MRS. B. 

They do so. 

EMILY. 

Though I no longer doubt that light and heat 
can be separated, Dr. Herschel's experiment does 
not appear to me to afford sufficient proof that 
they are essentially different ; for light may like-- 
wise be divided into the different coloured rays. 

MRS. B. 

No doubt there must be some dissimilarity in the 
various-coloured rays. Even their chemical powers 
are different. The blue rays, for instance, have the 
greatest effect in separating oxygen from bodies, 
as was found by Scheele; and there exist, also, as 
Dr. WoUaston has shown, rays more refrangible 
than the blue, which produce the same chemical 
effect, and, what is very remarkable, are invisible. 

EMILY. 

Do you think it possible that heat may be merely 
a modification of light? 

MRS. B. 

That is a supposition which, in the present state 
of natural philosophy, can neither be positively 
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affirmed nor denied. Let ns, therefore^ instead 
of discussing doubtful points^ be contented with 
examining what you can understand respecting 
the chemical effects of light. 

Light is capable of entering into a kind of tran- 
sitory union with certain substances, and this is 
what has been called phosphorescence. Bodies 
which are possessed of this property, after being 
exposed to the sun's rays, appear luminous in the 
dark. The shells of fish, the bones of land ani- 
mals, marble, limestone, and a variety of com- 
binations of earths, are more or less powerfully 
phosphorescent. 

CAROLINE. 

I remember being much surprised last summer 
with the phosphorescent appearance of some pieces 
of rotten wood, which had just been dug out of the 
ground; they shone with so much brightness that 
I at first supposed them to be glow-worms. 

EMILY. 

And is not the light of a glow-worm of a phos- 
phorescent nature? 

MRS. B. 

It is a very remarkable instance of phosphores- 
cence in living animals; this property, however, is 
not exclusively possessed by the glow-worm. The 
insect called the lantern-fly, which is peculiar to 
warm climates, emits light as it flies, producing in 
the dark a remarkably sparkling appearance. But 
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it is more common to see animal matter in a dead 
state possessed of a phosphorescent quality; sea- 
fish is often eminently so. 

EMILY. 

I have heard that the sea has sometimes had the 
appearance of being illuminated, and that the light 
is supposed to proceed from the spawn of fishes 
floating on its surface. 

This light is probably owing to that or some 
other animal matter. Sea-water has been observed 
to become luminous from the substance of a fresh 
herring having been immersed in it ; and certain 
insects^ of the Medusa kind^ are known to produce 
similar effects. 

But the strongest phosphorescence is produced 
by chemical compositions prepared for the purpose^ 
the most common of which consists of oyster-shells 
and sulphur^ and is known by the name of Canton's 
Phosphorus. 

EMILY. 

I am rather surprised^ Mrs. B., that you should 
have said so much of the light emitted by phos* 
phorescent bodies^ without taking any notice of 
that which is produced by burning bodies* 

MRS. B. 

The light emitted by the latter is so intimately 
connected with the chemical history of combustion, 
that I must defer all explanation of it till we come 
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to the examination of that process^ which is one of 
the most interesting in chemical science. 

Light is an agent capable of producing various 
chemical changes. It is essential to the welfare 
both of the animal and vegetable kingdoms ; for 
men and plants grow pale and sickly if deprived of 
its salutary influence. It is likewise remarkable for 
its property of destroying colour, which renders it 
of great consequence in the process of bleaching. 

EMILY. 

Is it not singular that light, which in studying 
optics we were taught to consider as the source and 
origin of colours, should have also the power of 
destroying them ? 

CAROLINE. 

It is a fact, however, which we every day expe- 
rience : you know how it fades the colours of linens 
and silks. 

EMILY. 

Certainly ; yet endive is made to grow white 
instead of green, by being covered up so as to ex- 
clude the light. By what means does light pro- 
duce these opposite effects ? 

MBS. B. 

This I cannot attempt to explain to you until 
you have obtained a further knowledge of che- 
mistry. As the chemical properties of light can 
be accounted for only in their reference to com- 
pound bodies, it would be useless to detain you 
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any longer on this subject ; we may therefore pass 
on to the examination of heat, or caloric, with 
which we are somewhat better acquainted. 

Heat and Light may be always distinguished 
by the different sensations they produce. Light 
affects the sense of sight. Caloric that of feeling ; 
the one produces Visiony the other the sensation 
of HeaL 

Caloric is found to exist in a variety of forms 
or modifications ; and we shall consider it under 
the two following heads, viz. -— 

1. FREE or RADIANT CALORIC. 

2. COMBINED CALORIC. 

The first, free or radiant caloric, is also 
called heat of temperature : it comprehends 
all heat which is perceptible to the senses, and 
affects the thermometer. 

EMILY. 

You mean such as the heat of the sun, of fire, 
of candles, of stoves ; in short, of every thing that 
burns. 

MRS. B. 

And likewise of things which do not bum, as, 
for instance, the warmth of the body ; in a word, 
all heat that is sensible^ whatever may be its degree, 
or the source whence it is derived, 

CAROLINE. 

What then are the other modifications of caloric? 
It must be a strange kind of heat which cannot be 
perceived by our senses. 

yoL. !• P 
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None of the modifications of caloric should pro- 
perly be called heat; for heat, strictly speaking, 
is the sensation produced by caloric on animated 
bodies ; this word, therefore, in the accurate Ian* 
guage of science, should be confined to express 
the sensation. But custom has adapted it likewise 
to inanimate matter, and we say the heat of an oven^ 
the heat of the sun^ without any reference to the 
sensation which they are capable of exciting. 

It was in order to avoid the confusion which 
arose from thus confounding the cause and effect, 
that modern chemists adopted the new word ca* 
loricy to denote the principle which produces heat ; 
yet they do not always, in compliance with their 
own language, limit the word heat to the expression 
of the sensation, since they still frequently employ 
it in reference to the other modifications of caloric 
which are quite independent of sensation. 

CAROLINE. 

But you have not yet explained to us what 
these other modifications of caloric are. 

MRS. B. 

Because you are not acquainted with the pro- 
perties of free caloric, and you know that we have 
agreed to proceed with regularity. 

One of the most remarkable properties of free 
caloric is its power of dilatiny bodies. This fluid 
is so extremely subtle, that it enters and pervades 
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all bodies whatever, forces itself between their 
particles, and not only separates them, but fre- 
quently drives them asunder ta a considerable 
distance from each other. It is thus that caloric 
dilates or expands a body, so as to make it occupy 
a greater space than it did before. 

EMILY. 

The effect it has on bodies, therefore. Is directly 
contrary to that of the attraction of cohesion : the 
one draws the particles together, the other drives 
them asunder. 

Precisely. There is a continual struggle be- 
tween the attraction of aggregation and the ex- 
pansive power of caloric ; and from the action of 
these two opposite forces result all the various 
forms of matter, or degrees of consistence, from 
the solid to the liquid and aeriform state. And 
accordingly we find that most bodies are capable 
of passing from one of these forms to the other, 
merely in consequence of their receiving different 
quantities of caloric. 

CAROLINE. - 

That is very curious ; but I think I understand 
the reason of it. If a great quantity of caloric is 
added to a solid body, it introduces itself between 
the particles in such a manner as to overcome, in 
a considerable degree, the attraction of cohesion ; 
and the body, from a solid, is then converted into 
a fluid. 
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MRS* B* 

This 18 the case whenever a body is fused or 
melted ; but if you add caloric to a liquid^ can you 
tell me what is the consequence ? 

CAROLINE. 

The caloric forces itself in greater abundance 
between the particles of the liquid, and drives 
them to such a distance from each other, that their 
attraction of aggregation is wholly destroyed : the 
liquid is then transformed into vapour. 

MRS. B. 

Very well ; and this is precisely the case with 
boiling water, when it is converted into steam or 
vapour, and with all bodies which assume an aeri-i 
form state. 

EMILT. 

I do not well understand the word aeriform. 

MRS. B. 

Any elastic fluid whatever, is called aeriform. 
But each of these various states, solid, liquid,, 
and aeriform, admit of many different degrees of 
density, or consistence, still arising (chiefly at least) 
from the different quantities of caloric the bodies 
contain. Solids are of various degrees of density, 
from that of gold to that of a thin jelly. Liquids, 
from the consistence of melted glue, or melted 
metals, to that of ether, which is the lightest of all 
liquids. The different elastic fluids (with which 
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you are not yet acquainted) are susceptible of no 
less variety in their degrees of density. 

EMILY. 

But does not every individual body also admit 
of different degrees of consistence, without chang- 
ing its state ? 

MRS. B. 

Undoubtedly ; and this I can immediately show 
you by a very simple experiment. This piece of 
iron now exactly fits the frame, or ring, made to 
receive it ; but if heated red hot, it will no longer 
do so, for its dimensions will be so much increased 
by the caloric that has penetrated into it, that it 
will be too large for the frame. 

The iron is now red hot ; by applying it to the 
frame, we shall see how much it is dilated. 

EMILY. 

Considerably so, indeed ! I knew that heat had 
this effect on bodies, but I did not imagine that it 
could be made so evident. 

MRS. B. 

By means of this instrument, called a Pyro- 
meter, we may estimate, in the most exact manner, 
the various dilatations of any solid body by heat. 
(Plate I* fig. 1.) The body we are now going to 
submit to trial is this small iron bar a A; I fix it 
to this apparatus, and then heat it by lighting the 
three lamps beneath it : when the bar expands, it 

increases in length as well as thickness : and, as one 
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end communicates with this wheel- work, bb^ whilst 
the other end is fixed and immovable^ no sooner 
does it begin to dilate^ than it presses against the 
wheel-work, and sets in motion the index, c, which 
points out the degrees of dilatation on the dial-plate. 

EMILY. 

This is, indeed, a very curious instrument ; but 
I do not understand the use of the wheels : would 
it not answer the purpose equally well, if the bar; 
in dilating, pressed against the index, and put it in 
motion without the intervention of the wheels ? 

MBS. B. 

The use of the wheels is merely to multiply the 
motion, and therefore render the effect of the calo- 
ric more obvious ; for if the index moved no more 
than the bar increased in length, its motion would 
scarcely be perceptible ; but by means of the wheels 
it moves in a much greater proportion, which there- 
fore renders the variations far more conspicuous. 

By submitting different bodies to the test of the 
pyrometer, it is found that they are far from dilat- 
ing in the same proportion. Different metals ex- 
pand in different degrees, and other kinds of solid 
bodies vary still more in this respect. But this 
different susceptibility of dilatation is still more re- 
markable in fluids than in solid bodies, as I shall 
show you. I have here two glass tubes (Plate I, 
fig. 2.) terminated at one end by large bulbs. We 
shall fill the bulbs, the one with spirit of wine, the 
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other with water. I have coloured both liquids, 
in order that the effect may be more conspicuous. 
The spirit of wine, you see, dilates by the warmth 
of my hand as I hold the bulb. 

EMILY. 

It certainly does, for I see it is rising into the 
tube. But water, it seems, is not so easily affected 
by heat ; for scarcely any change is produced on 
it by the warmth of the hand. 

AlfiS* B. 

True : we shall now plunge the bulbs into two 
glasses of hot water (b b), and you will see both 
liquids rise in the tubes ; but the spirit of wine 
wUl ascend highest. 

OABOLINE. 

How rapidly it expands ! Now it has nearly 
reached the top of the tube, though the water has 
hardly begun to rise. 

EMILY. 

The water now begins to dilate. Are not these 
glass tubes, with liquids rising within them, very 
like thermometers ? 

MBS. B. 

A thermometer is constructed exactly on the 
same principle, and these tubes require only a scale 
to answer the purpose of thermometers; but they 
would be rather awkward in their dimensions. The 
tubes and bulbs of thermometers, though of various 
sizes, are in general much smaller than these; the 
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tube, to(^ is hermetically closed, and the air ex«> 
duded from it. The fluid most generallj used in 
thermometers is mercury, commonly called quick- 
silver, the dilatations and contractions of which 
correspond more exactly to the additions and sub- 
tractions of caloric than those of any other fluid. 

CABOLINE. 

Yet I have often seen coloured spirits of win6 
used in thermometers. 

MBS. B. 

The expansions and contractions of that liquid 
are not quite so uniform as those of mercury ; but 
in cases in which it is not requisite to ascertain the 
temperature with great precision, spirit of wine 
will answer the purpose equally well, and indeed 
in some respects better, as the expansion of the 
latter is greater, and therefore more evident. This 
fluid is used likewise in situations and experiments 
in which mercury w:ould be frozen ; for mercury 
becomes a soli(i body, like a piece of lead or any 
other metal, at a certain degree of cold : but no 
degree of cold has ever been known to freeze pure 
spirit of wine. 

A thermometer, therefore, consists of a tube with 
a bulb^ such as you see here, containing a fluid 
whose degrees of dilatation and contraction are 
shown by a scale to which the tube is fixed. The 
degree which indicates the boiling point simply 
means, that when the fluid is suflSciently dilated to 
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rise to this point, the heat is such that water ex- 
posed to the same temperature will boil. When, 
on the other hand, the fluid is so much condensed 
as to sink to the freezing point, we know that water 
will freeze at that temperature. The extreme 
points of the scales are not the same in all thermo- 
meters, nor are the degrees always divided in the 
same manner. In different countries philosophers 
have chosen to adopt different scales and divisions. 
The two thermometers most used are those of 
Fahrenheit and of Keaumur ; the first is generally 
preferred by the English, the latter by the French. 

EMILY. 

The variety of scale must be very inconvenient^ 
and I should think liable to occasion confusion, 
when French and English experiments are com- 
pared. 

MRS. B. 

The inconvenience is but trifling, because the 
different gradations of the scales do not affect 
the principles upon which thermometers are con- 
structed. When we know, for instance, that Fah- 
renheit's scale is divided into 212 degrees, in which 
32*^ corresponds with the freezing point, and 212° 
with the point of boiling water; and that Reaumur's 
is divided only into 80 degrees, in which 0° denotes 
the freezing point, and 80° that of boiling water, it 
is easy to compare the two scales together, and re- 
duce the one into the other. But, for greater con- 
venience, thermometers are sometimes constructed 
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with both these scales^ one on either side of the 
tube ; so that the correspondence of the different 
degrees of the two scales is thus instantly seen^ 
Here is one of those scales (Plate 11. fig. 1.), by 
which you can at once perceive that each degree 
of Keaumur's corresponds to 2J of Fahrenheit's 
division. But the French have^ of late, adopted 
another scale which they call the centigrade, in 
which the space between the freezing and the 
boiling point is divided into 100 degrees. 

CABOLINE. 

That seems to me the most reasonable division, 
and I cannot guess why, in Fahrenheit's scale, the 
freezing point is osJled 32^. 

MBS. B. 

It originated in a mistaken opinion of the in- 
strument-maker, Fahrenheit, who first constructed 
this thermometer. He mixed snow and salt to- 
gether, and produced by that means a degree of 
cold which he concluded was the greatest possible, 
and therefore made his scale begin from that 
point. Between that and boiling water he made 
212 degrees, and the freezing point was found to 
be at 32^ 

EMILY. 

Are spirit of wine and mercury the only liquids 
used in the construction of thermometers ? 

MB8. B. 

I believe they are the only liquids now in use ; 
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though some othersy each as finseed-oil, would 
make tolerable thermometers: but for experiments 
in which a very quick and delicate test of the 
changes of temperature is required, air is the fluid 
usually employed. The bulb in air thermome- 
ters is filled with common ur only, and its expan- 
sion and contraction are indicated by a smaU drop 
of any coloured liquor, su^^ended within the tube, 
and which moves up and down, according as the 
air within the bulb and tube expands or contracts. 
But in general, air thermometers, however sensible 
to changes of temperature, are not always perfecUy 
accurate in their indications, the coloured liquor 
in the tube being liable to be raised or lowered in 
consequence of any change that may take place in 
the pressure of the atmosphere. 

I can, however, show you an air thermometer of 
it very peculiar construction, which is remarkably 
well adapted for some chemical experiments, as it 
is equally delicate and accurate. (Plate IL fig. 2.) 

CABOLINE. 

It looks like a double thermometer reversed, the 
tube being bent, and having a laige bulb at each 
extremity. 

EHILT. 

Why do you call it an air thermometer? the 
tube contains a coloured liquid. 

MBS. B. 

Bat observe that the bulbs are filled with air, the 
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liquid being confined to a portion of the tube, and 
answering only the purpose of showing, by its mo- 
tion in the tube, the comparative dilatation or con- 
traction of the air within the bulbs, which afford an 
indication of their relative temperature. Thus, if 
you heat the bulb A by the warmth of your hand, 
the fluid will rise towards the bulb B, and the con- 
trary will happen if you reverse the experiment. 

But if, on the contrary, both tubes are of the 
same temperature, as is the case now, the coloured 
liquid suffering an equal pressure on each side, 
no change of level takes places 

CAROLINE. 

This instrument appears, indeed, uncommonly 
delicate. The fluid is set in motion by the mere 
approach of my hand before I touch it. 

MRS. B. 

You must observe, however, that this thermo- 
meter cannot indicate the temperature of any par- 
ticular body, or of the medium in which it is im- 
mersed ; it serves only to point out the difference of 
temperature between the two bulbs, when placed 
under different circumstances. For this reason it 
has been called the differential thermometer. You 
will see hereafter to what particular purposes this 
instrument applies. 

EMILY. 

But do common thermometers indicate the exact 
quantity of caloric contained either in the at- 
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mosphere> or in any body with which they are ia 
contact ? 

MBS. B. 

No ; first, because there are other modifications 
of caloric which do not affect the thermometer : 
and, secondly, because the temperature of a body, 
as indicated by the thermometer, is only relative. 
When, for instance, the thermometer remains 
stationary at the freezing point, we know that the 
atmosphere (or medium in which it is placed, 
whatever it may be,) is as cold as freezing water: 
and when it stands at the boiling point, we know 
that this medium is as hot as boiling water : but 
we do not know the positive quantity of heat con^ 
tained either in freezing or boiling water, any more 
than we know the real extremes of heat and cold; 
and, consequently, we cannot determine that of 
the body in which the thermometer is placed. 

CABOLINE. 

I do not quite understand this explanation. 

HBS. B. 

Let us compare a thermometer to a well, lu 
which the water rises to different heights, accord- 
ing as it is more or less supplied by the springy 
which feeds it: if the depth of the well is un-» 
fathomable, it must be impossible to know thci 
absolute quantity of water it contains : yet we can 
with the greatest accuracy measure the number of 
feet the water has risen or fallen in the well^at 
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any time, and consequently know the precise 
quantity of its increase or diminution, without 
having the least knowledge of the whole quantity 
of water it contains. 

CABOLINE. 

Now I comprehend it very well ; nothing ap- 
pears to me to explain a thing so clearly as a com- 
parison. 

EMILY. 

But will thermometers bear any degree of heat ? 

MRS. B. 

No : for if the temperature were much above the 
highest degree marked on the scale of the ther- 
mometer, the mercury would burst the tube in an 
attempt to ascend. And at any rate, no thermo- 
meter can be applied to temperatures higher than 
the boiling point of the liquid used in its construc- 
tion ; for the steam of the liquid beginning to boil 
would burst the tube. In furnaces, or whenever 
a very high temperature is to be measured, a 
pyrometer, invented by Wedgwood, is used for 
that purpose. It is made of a certain composition 
of baked clay, which has the peculiar property of 
contracting by heat, so that the degree of con- 
traction of this substance indicates the temperature 
io which it has been exposed. 

EMILY. 

. But is it possible for a body to contract by 
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heat ? I thought that heat dilated all bodies what- 
ever. 

MBS* B« 

This is not an exception to the rule. You must 
recollect that the bulk of the claj is not compared, 
whilst hot, with that which it has when cold ; but 
it is from that change which the claj has under- 
gone bj having been heated, that the indications of 
this instrument are derived. This change consists 
in a commencement of fusion, which tends to unite 
the particles of clay more closely, thus rendering 
it less pervious or spongy. 

Clay is to be considered as a spongy body 
abounding in interstices or pores, from its having 
contained water when soft. These interstices are 
by heat lessened, and would by extreme heat be 
entirely obliterated. 

CAROLINE. 

And how do you ascertain the degrees of con- 
traction of Wedgwood's pyrometer ? 

MRS. B. 

The dimensions of a piece of clay are measured 
by a scale graduated on the side of a tapered 
groove formed in a brass ruler ; the more the clay 
is contracted by the heat, the further it will de- 
scend into the narrow part of the tube. 

Before we quit the subject of expansion, I must 
observe to you, that as liquids expand more readily 
than solids, so elastic fluids, whether air or vapour^ 
are the most expansible of all bodies*^ 
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• It may appear extraordinary, that all elastic 
fluids whatever undergo the same degree of expan-> 
sion from equal augmentations of temperature. 

EMILY. 

I suppose^ then, that all elastic fluids are of the 
same density. 

MRS. B. 

Very far from it; they vary in density more 
than either liquids or solids. The uniformity of 
their expansibility, which at first may appear sin- 
gular, is, however, readily explained. For if the 
different susceptibilities of expansion of solid and 
liquid bodies arise from their various degrees of 
attraction of cohesion, no such difference can be 
expected in elastic fluids, since in these the attrac- 
tion of cohesion does not exist; their particles 
being, on the contrary, possessed of an elastic or 
repulsive power : they will therefore all be equally 
expanded by equal degrees of caloric 

EMILY. 

True : as there is no power opposed to the ex- 
pansive force of caloric in elastic bodies, its effect 
must be the same in all of them. 

MRS. B. 

Let us now proceed to examine the other pro- 
perties of free caloric. 

Free caloric always tends to diffuse itself equally ; 
that is to say, when two bodies are of different 
temperatures^^ the W£M:^cr gradually parts with its 
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heat to the colder, till they are both brought to 
the same temperature. Thus, when a thermometer 
is applied to a hot body, it receives caloric ; when 
to a cold one, it gives out part of its own caloric, 
and this communication continues until the ther- 
mometer and the body arrive at the same tempera- 
ture. 

EMILY. 

Cold, then, is nothing but a negative quality, 
simply implying the absence of heat. 

MRS. B. 

Not the total absence, but a diminution of heat ; 
for we know of no body in which some caloric may 
not be discovered. 

CAROLINE. 

But when I lay my hand on this marble table, 
I feel it positively cold, and cannot conceive that 
there is any caloric in it. 

MRS. B. 

The cold you experience consists in the loss of 
caloric that your hand sustains in an attempt to 
bring its temperature to an equilibrium with the 
marble. If you lay a piece of ice upon it, you 
will find that the contrary effect will take place ; 
the ice will be melted by the heat which it abstracts 
from the marble. 

CAROLINE. 

Is it not in this case the air of the room, which, 
being warmer than the marble, melts the ice ? 

VOL. I. E 
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MBS. B. 

The air certainly acts on the surface which is 
exposed to it, but the table melts that part with 
which it is in contact. 

CABOLINE. 

But why does caloric tend to an equiHbiium ? 
It cannot be on the same principle as other fluids, 
since it has no weight. 

MBSL B. 

Very true, Caroline ; that is an excellent objec- 
tion. You might also, witib some propriety, object 
to the term, equilibrium being applied to a body 
without weight; but I know of no expression 
that would explain my meaning so, well* You 
must consider it, however, in a figurative, rather 
tha^ a literal sense : its strict meaning is an equal 
diffusion. We canpot, indeed,, well say by what 
power it diffiises itself equally, though it is not 
surprising that it should go from the parts which 
have the most to those which have the least. The 
best explanation has been suggested by Professor 
Prevost, of Geneva, and is, I believe, now gene- 
rally adopted. 

According to hb theory, caloric is composed of 
particles perfectly separate from each other, every 
one of which moves with a rapid velocity in a cer- 
tain direction. These directions vary as much as 
imagination can conceive, the result of which is, 
that there are rays or lines of particles moving 
with immense velocity in every possible direction. 
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Caloric Is thus universallj diffused ; so that when 
any portion of space happens to be in the neigh- 
bourhood of another which contains more caloric, 
the colder portion receives a quantity of calorific 
rays from the latter, sufficient to restore an equili^ 
brium of temperature. This radiation does not 
only take place in firee space, but extends also to 
bodies of every kind. Thus you may suppose all 
bodies whatever constantly radiating caloric : those 
that are of the same temperature give out and 
absorb equal quantities,, so that no variation of 
temperature is produced in them ; but when one 
body contains more free caloric than another, the 
exchange is always in favour of the colder body, 
until an.equilibrium is effected ; this you found to 
be the case when the marble table cooled your 
hand, and again when it melted the ice. 

CAROLINE. 

This reciprocal radiation surprises me extremely. 
I thought, from what you first said, that the hotter 
bodies alone emitted rays of caloric, which were 
absorbed by the colder; for it seems unnatural 
that a hot body should receive any caloric from a 
cold one, even though it should return a greater 
quantity. 

MRS. B. 

It may at first appear so, but it is no more 
extraordinary than that a candle should send forth 
rays of light to the sun, which, you know, must 
necessarily happen. 

S 2 
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EMILT. 

But, Mrs. B., this theory does not accord with 
the opinion that caloric is not a body, but consists 
in undulations of an ethereal fluid ; for if caloric 
is not a body, it cannot be radiated. 

MRS. B. 

When Professor Prevost first suggested the 
theory of radiation, caloric was considered as a 
body; but it is equally applicable to the new 
theory, for whether heat be diffused by material 
rays, or by undulations moving in straight lines, 
the effect is just the same. 

CAROLINE. 

Well, Mrs. B., I wish I could see these rays or 
undulations of caloric ; I should then have greater 
faith in them. 

MRS. B. 

Will you give no* credit to any sense but that 
of sight? You may feel the caloric which you 
receive from any body of a temperature higher 
than your own ; the loss of the caloric you part 
with in return, it is true, is not perceptible ; for as 
you gain more than you lose, instead of suffering a 
diminution, you are really making an acquisition 
of caloric. It is therefore only when you are 
parting with it to a body of a lower temperature, 
that you are sensible of the sensation of cold, 
because you then sustain an absolute loss of 
caloric. 
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EMILY. 

And in this case we cannot be sensible of the 
small quantity of heat we receive in exchange 
from the colder body, because it serves only to 
diminish the loss. 

MRS. B. 

Very well indeed, Emily. Professor Pictet of 
Geneva made some very interesting experiments, 
which prove not only that caloric radiates from 
all bodies whatever, but that these rays may be 
reflected, according to the laws of optics, in the 
same manner as light. I shall repeat these ex- 
periments before you, having procured mirrors 
fit for the purpose ; and it will afford us an op- 
portunity of using the differential thermometer, 
which is particularly well adapted for these expe- 
riments. — I first place an iron bullet (Plate III. 
fig. 1.), about two inches in diameter, and heated 
to a degree not sufficient to render it luminous, 
in the focus of this large metallic concave mirror. 
The rays of heat which fall on this mirror are 
reflected, agreeably to the property of concave 
mirrors, in a parallel direction, so as to fall on a 
similar mirror, which, you see, is placed opposite 
to the first, at the distance of about ten feet; 
thence the rays converge to the focus of the se- 
cond mirror, in which I place one of the bulbs of 
this thermometer. Now, observe in what manner 
it is affected by the caloric which is reflected on 
it from the heated bullet — The air is dilated 
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in the bnlb which we placed in the focus of the 
flenrror, and the liquor rises considerably in the 
opposite leg. 

'EMILT. 

But would not the same effect taioe |flaee, if the 
caloric proceeding from the heated bullet fell di- 
recdy on the tibermometer, wilJKiut the assistance 
of 1^ mirrors ? 

MBS. B. 

The effect would in that <isae be so triflings at 
the distance at which the bullet and the thermo* 
meter are from each other, that it would be afanost 
imperoeptibk. The mirrora, you Imow, gieatlj 
increase the effect, by collecting a large quantity of 
rays into a focus ; place your hand in the focus of 
the mirror, and you will find it much hotter there 
than when you remove it nearer to the bullet. 

EMILT. 

That is very true ; it appeai-s extremely singular 
to feel the heat diminish in approaching the body 
from which it proceeds. 

CABOLINE. 

And the mirror which produces so much heat, 
by converging the rays, is itself quite cold. 

MRS. B. 

The same number of rays that are dispersed 
over the surface of the mirror are collected by it 
into the focus ; but if you consider tow large a 
surface the mirror presents to the rays, and, con- 
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scqnentlyj how much they are diffused in com- 
parison to what they are at the focus, which is 
little more than a pointy I think you can no longer 
wonder that the focus should be so much hotter 
than the mirror. 

The principal use of the mirrors in this experi- 
ment is to prove that the calorific emanation is 
reflected in the same manner as light 

CABOLINE. 

And the result, I think, is conclusive. 

« 

The experiment may be repeated with a wax 
taper, instead of the bullet, with a view of separ- 
ating the light from the caloric. For this purpose 
a transparent plate of glass must be interposed 
between the mirrors ; for light, you know, passes 
with great facility through glass, whilst the trans- 
mission of beat is almost wholly impeded by it. 
We shall find, however, in this experiment, that 
some few of the calorific rays pass through the 
glass, together with the light, as the thermometer 
rises a little ; but as soon as the glass is removed, 
and a free passage left to the caloric, it will rise 
considerably higher. 

CAROLINE. 

I should like to repeat this experiment, with 
the difference of substituting a cold body instead 
of the hot one, to see whether cold would not be 
reflected as well as heat. 

E 4 
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MRS. B. 

That experiment was proposed to Mr. Pictet 
by an incredulous philosopher like yourself, and 
he immediately tried it by substituting a piece of 
ice in the place of the heated bullet. 

CAROLINE. 

Well, Mrs. B., and what was the result ? 

MRS. B. 

That we shall see ; I have procured some ice 
for the purpose. 

EMILY. 

The thermometer falls considerably ! 

CAROLINE. 

And does not that prove that cold is not merely 
a negative quality, implying simply an inferior de- 
gree of heat ? The cold must be positive^ since it 
is capable of reflection. 

MRS. B. 

So it at first appeared to Mr. Pictet ; but upon 
a little consideration, he found that it afforded 
only an additional proof of the reflection of heat: 
this I shall endeavour to explain to you. 

According to Mr. Prevost's theory, we suppose 
that all bodies whatever radiate caloric. I have 
already observed that these rays, whether they 
consist of minute particles, as was at that time 
supposed, or whether they are formed of a succes- 
sion of undulations, as is now believed, are equally 
adapted to this theory. The thermometer used 
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in these experiments we must consider therefore 
as emitting calorific rays in the same manner as 
any other substance. When its temperature is in 
equilibrium with that of the surrounding bodies^ 
it receives as much caloric as it parts with, and no 
change of temperature is produced. But when 
we introduce a body of a lower temperature^^ch 
as a piece of ice, which parts with less caloric than 
it receives, the consequence is, that its temperature 
is raised, whilst that of the surrounding bo(^es is 
proportionally lowered. 

EMILY. 

If, for instance, I were to bring a large piece of 
ice into this room, the ice would in time be melted, 
by absorbing caloric from the general radiation 
which is going on throughout the room ; and, as 
it would contribute very little caloric in return for 
what is absorbed, the room would necessarily be 
cooled by it. 

MRS. B. 

Just so : and as, in consequence of the mirrors, 
a more considerable exchange of rays takes place 
between the ice and the thermometer, than be- 
tween these and any of the surrounding bodies, 
the temperature of the thermometer must be more 
lowered than that of any other adjacent object. 

CAROLINE. 

I confess I do not perfectly understand your 
explanation. 
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MSS* jB« 

This e!2tperiment is e^actl;^ similar to that made 
with the heated bullet : fot', if we consider the ther- 
mometer as the hot body (which it certainly is in 
comparisoti to tJie ice), yoil inay tlieti easily under- 
stand thlat it is by the loss of tie cAloric which th6 
thermometer sends to the Ice, 4nd not by col4 re- 
ceived from it, that th6 fail of the mercury is occa- 
sioned : for the ice, far from emitting Cold, sends 
forth caloric, which diminldhes the loSs Sustained 
by the thermometer. 

Let us say, for Instance, that the radiation of the 
thermometer towards the ice is equal to 20, and 
that of the ice towards the therm(wneter to 10 ; 
the exchange in favour of the ic6 is as ^ is to 10^ 
or the thermometer absolutely loses 10, whilst the 
ice gains 10. 

But if the ice actually send rays of caloric to 
the thermometer, must not the latter fall still 
lower when the ice id removed ? 

Mrs. b. 

No : for the space which the ice occupied ad- 
mits caloric from all the surrounding bodies to 
pass through it ; and those, being of the same tem- 
perature as the thermometer, will not affect it, 
because as much heat now ireturris to the ther- 
mometer as comes from it. 
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CABOLimC. 

I must confess that you have explained this in 
so satisfactory a manner^ that I cannot help being 
oonraiced now that cold has no real claim to the 
rank of a positive being. 

MBS. B. 

Before I conclade the subject of radiation, I 
must observe to you that different bodies (or 
rather surfaces) possess the power of radiating 
caloric in very different degrees. 

Some curious experiments have been made by 
Mr. Leslie on this subject, and it was for this 
purpose that he invented the differential thermo- 
meter: with its assistance he ascertained that 
black surfaces radiate most, glass next, and po- 
lished surfaces the least of alL 

EMILY. 

Supposing these surfaces, of course, to be all of 
the same temperature. 

mbs* b. 
Undoubtedly. I will now show you the very 
simple and ingenious apparatus, by means of which 
he made these experiments. This cubical tin vessel, 
or canister, has each of its sides externally covered 
with different materials ; the one is simply black- 
ened ; the next is covered with white paper ; the 
third with a pane of glass ; and in the fourth the 
polished tin surface remains uncovered. We shall 
fill this vessel with hot water, so that there can be 
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no doubt but that all its sides will be of the same 
temperature. Now let us place it in the focus of one 
of the mirrors, making each of its sides front it in 
succession. We shall begin with the black surface. 

CABOLINE. 

It makes the thermometer, which is in the focus 
of the other mirror, rise considerably. — Let us 
turn the paper surface towards the mirror. The 
thermometer falls a little, therefore of course this 
side cannot give out so much caloric as the black- 
ened side. 

EMILY. 

This is very surprising ; for the sides are exactly 
of the same size, and being heated by the same 
water, must be of the same temperature. But let 
us try the glass surface. 

MRS. B. 

The thermometer continues falling ; and with 
the polished tin surface it falls still lower: these two 
surfaces, therefore, radiate less and less caloric. 

CAROLINE. 

I think I have found out the reason of this. 

MRS. B. 

I should be very happy to hear it, for it has not 
yet (to my knowledge) been accounted for. 

CAROLINE. 

The water within the vessel gradually cools, and 
the thermometer in consequence gradually falls. 
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MRS* B* 

It is true that the water cools^ but certainly in 
much less proportion than the thermometer de- 
scends^ as you will perceive if you now change the 
tin surface for the black one. 

CAROLINE. 

I was mistaken, certainly ; for the thermometer 
rises again now that the black surface fronts the 
mirror; and yet the water in the vessel is still 
cooling. 

EMILT. 

I am surprised that the tin surface should give 
out the least caloric ; for a metallic vessel filled 
with hot water, a silver tea-pot, for instance, feels 
much hotter to the hand than one of black earthen- 
ware. 

MRS. B. 

That is owing to the diflferent power which 
various bodies possess for conducting caloric, a 
property which we shall presently examine. Thus, 
although a metallic vessel feels warmer to the hand, 
it is known to preserve the heat of the liquid within 
better than one of any other materials ; it is for 
this reason that a silver tea-pot makes better tea 
than one of earthenware. 

EMILT. 

Yes ; the earthenware tea-pot loses more heat 
by radiation, than the silver one by its conducting 
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power. According to these experiments, light- 
coloured dresses, m cold weather, should keep us 
warmer thau black clothes, since the latter radiate 
so much more than the former. 

MRS. B. 

And that is actually the case. 

EMILY. 

This property of different sur&ces to radiate in 
different degrees, appears to me to be at variance 
with the equal diffusion of caloric ; since it would 
imply that those bodies which radiate most must 
ultimately become coldest. 

Suppose that we were to vary this experiment, 
by using two metallic vessels full of boiling water, 
the one blackened, the other not ; would not the 
black one cool first ? 

CABOLINE. 

True ; but when they were both brought down 
to the temperature of the room, the interchange of 
caloric between the canisters and the other bodies 
of the room being then equal, their temperatures 
would remain the same. 

EMILY. 

I do not see why that should be the case ; for if 
different surfaces of the same temperature radiate 
in different degrees when heated, why should they 
not continue to do so when cooled down to the 
temperature of the room ? 



FB££ CALORIC. 63 

HBS. B. 

Ybu have started a difficulty, Emily, which cer- 
tamly reqmres explanation. It is found by expe- 
riment that the power of absorption corresponds 
with and is proportional to that of radiation ; so 
that under equal temperatures, bodies compensate 
for the greater loss they sustain in consequence of 
their ^eater radiation by their greater absorption; 
and if you were to make your experiment in an 
atmosphere heated, like the canisters, to the tem- 
perature of boiling water, though it is true that the 
canisters would radiate in different degrees, no 
change of temperature would be produced in them, 
because they would each absorb caloric in propor- 
tion to their respective radiation. 

EMILY. 

But would not the canisters of boiling water also 
absorb caloric in different degrees in a room of the 
common temperature ? 

MRS. B. 

Undoubtedly they would. But the various bodies 
in the room would not, at a lower temperature, 
furnish either of the canisters with a sufficiency of 
caloric to compensate for the loss they undergo ; 
for, suppose the black canister to absorb 400 rays 
of caloric, whilst the metallic one absorbed only 
200 ; yet if the former radiate 800, whilst the latter 
radiates only 400, the black canister will be the 
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first cooled down to the temperature of the room. 
But from the moment the equilibrium of tempera- 
ture has taken place^ the black canister both re- 
ceiving and giving out 400 rays, and the metallic 
one 200, no change of temperature will take place. 

EMILY. 

I now understand it extremely well. But what 
becomes of the surplus of calorific rays, which good 
radiators emit and bad radiators refuse to receive: 
they must wander about in search of a resting- 
place? 

MRS. B. 

They really do so ; for they are rejected and sent 
back, or, in other words, reflected by the bodies 
which are bad radiators of caloric ; and they are 
thus transmitted to other bodies which happen to 
lie in their way, by which they are either absorbed 
or again reflected, according as the property of 
reflection or that of absorption predominates in 
these bodies. 

CAROLINE. 

I do not well understand the difierence between 
radiating and reflecting caloric ; for the caloric that 
is reflected from a body proceeds from it in straight 
lines, and may surely be said to radiate from it. 

MRS. B. 

It is true that there at first appears to be a great 
analogy between radiation and reflection^ as they 
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equally convey the idea of the transmission of 
caloric. But if you consider a little, you will 
perceive that when a body radiates caloric, the 
heat which it emits not only proceeds from, but 
has its origin in, the body itself. Whilst, when a 
body reflects caloric, it parts with none of its own 
caloric, but only reflects that which it receives 
from other bodies. 

EMILY. 

Of this difference we have very striking examples 
before us, in the tin vessel of water, and the con- 
cave mirrors ; the first radiates its own heat, the 
latter reflect the heat which they receive from 
other bodies. 

CAROLTNE. 

Now that I understand the difference, it no 
longer surprises me that bodies which radiate, or 
part with their own caloric freely, should not have 
the power of transmitting with equal facility that 
which they receive from other bodies. 

EM^LY. 

Yet no body can be said to possess caloric of its 
own, if all caloric is originally derived from the 
sun. 

MR«. B. 

When I speak of a body radiating its own calo- 
ric, I mean that which it has absorbed and incor- 
porated either immediately from the sun's rays, or 
through the medium of any other substance. 

VOL. !• F 
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CABOLINE. 

It seems natural enough that the power of ab- 
sorption should be in opposition to that of reflec- 
tion ; for the more caloric a body receives, the less 
it will reject, 

EMILY. 

And equally so that the power of radiation 
should correspond with that of absorption. It is, 
in fact, cause and eflect : for a body cannot radiate 
heat without having previously absorbed it ; just 
as a spring that is well fed flows abundantly. 

MBS. B. 

Fluids are in general very bad radiators of calo- 
ric : and air neither radiates nor absorbs caloric in 
any sensible degree. 

We have not yet concluded our observations on 
free caloric. But I shall defer till our next meet- 
ing what I have further to say on this subject. I 
believe it will afibrd us ample matter for another 
conversation. 
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CONVERSATION HI. 

CONTINUATION OP THE SUBJECT. 



MBS. B. 

In our last conversation we began to examine the 
tendency of caloric to restore an equilibrium of 
temperature. This property, when once well under- 
stood, affords the explanation of a great variety of 
facts which appeared formerly unaccountable. You 
must observe, in the first place, that the effect of 
this tendency is gradually to bring all bodies that 
are in contact to the same temperature. Thus, 
the fire which burns in the grate communicates its 
heat from one object to another, till every part of 
the room has an equal proportion of it. 

EMILY. 

And yet this book is not so cold as the table on 
which it lies, though both are at an equal distance 
from the fire, and actually in contact with each 
other; so that, according to your theory, they 
should be exactly of the same temperature. 

CAROLINE. 

And the hearth, which is much nearer the fire 
than the carpet rug, is certainly the colder of the 
two. 

V 2 
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MRS. B. 

If you ascertain the temperature of these several 
bodies by a thermometer (which is a much more 
accurate test than your feeling), you will find that 
it is exactly the same. 

CAROLINE. 

But if they are of the same temperature, why 
should the one feel colder than the other? 

MRS. B. 

The hearth and the table feel colder than the 
carpet or the book, because the latter are not such 
good conductors of heat as the former. In other 
words, caloric finds a more easy passage through 
marble and wood, than through leather and 
worsted; the two former will therefore absorb 
heat more rapidly from your hand, and conse- 
quently give it a stronger sensation of cold, than 
the two latter, although they are all of them really 
of the same temperature. 

CAROLINE. 

So, then, the sensation I feel on touching a cold 
body is in proportion to the rapidity with which 
my hand yields its heat to that body. 

MRS. B. 
Precisely ; and if you lay your hand successively 
on every object in the room, you will discover 
which are good and which are bad conductors of 
heat, by the different degrees of cold you feeL 
Butyin order to ascertain this point, it is necessary 
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that the several substances should be of the same 
temperature, which will not be the case with those 
that are very near the fire, or those that are exposed 
to a current of cold air from a window or door. 

CAROLIXE. 

Yes, I understand it now ; the table, and the 
book lying upon it, supposing them to be of the 
same temperature, would each receive, in the same 
space of time, the same quantity of heat from my 
hand, were their conducting powers equal ; but as 
the table is the better conductor of the two, it will 
absorb the heat from my hand more rapidly, and 
consequently produce a stronger sensation of cold 
than the book. 

HBS. B. 

Very well, my dear ; and observe, likewise, that 
If you were to heat the table and the book an equal 
number of degrees above the temperature of your 
hand, the table, which before felt the colder, would 
now feel the hotter of the two ; for as in the first 
case it took the heat most rapidly from you, so it 
will now impart heat most rapidly to you. Thus 
the marble table, which seems to us colder than 
the mahogany one, will prove the hotter of the 
two to the ice ; for, if it take heat more rapidly 
from our hands, which are warmer, it will give out 
heat more rapidly to the ice, which is colder. Do 
you imderstand the reason of these apparently 
opposite effects? 

F 3 
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EMILY. 

Perfectly. A body which is a good conductor 
of caloric affords it a free passage; so that it 
penetrates through that body more rapidly than 
through one which is a bad conductor : and, con- 
sequently, if it is colder than your hand, you lose 
more caloric, and if it is hotter, you gain more than 
with a bad conductor of the same temperature. 

But you must observe that this is the case only 
when the conductors are either hotter or colder 
than your hand ; for, if you heat different con- 
ductors to the temperature of your hand, they 
will all feel equally warm, since the exchange of 
caloric between bodies of the same temperature is 
equal. Now, can you tell me why flannel clothing, 
which is a very bad conductor of heat, prevents 
our feeling cold ? 

CAROLINE. 

It prevents the cold from penetrating— 

aRS. R* 

But you forget that cold is only a negative 
quality. 

CAROLINE. 

True ; it only prevents the heat of our bodies 
from escaping so rapidly as it would otherwise do. 

MRS. B. 

Now you have explained it rightly: flannel keeps 
in the heat^ instead of keeping out the cold. Were 
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the atmosphere of a higher temperature than our 
bodies, it would be equally efficacious in keeping 
their temperature at the same degree, as it would 
prevent the free access of the external heat, by the 
difficulty with which it conducts it. 

EMILY. 

This, I think, is very clear. Heat, whether ex- 
ternal or internal, cannot easily penetrate flannel ; 
therefore in cold weather it keeps us warm ; and if 
the weather were hotter than our bodies, it would 
keep us cooL 

MRS. B. 

The most dense bodies are, generally speaking, 
the best conductors of heat ; probably because the 
denser the body, the greater are the number of 
points or particles which come in contact with 
caloric. At the common temperature of the at- 
mosphere a piece of metal will feel much colder 
than a piece of wood, and the latter than a piece 
of woollen cloth ; this again will feel colder than 
flannel ; and down, which is one of the lightest, is 
at the same time one of the warmest bodies. 

CABOLINE. 

This is, no doubt, the reason that the plumage 
of birds preserves them so effectually from the in- 
fluence of cold in winter ? 

MRS. B. 

Yes ; feathers in general are an excellent pre- 

F 4 
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servatlve against cold ; but none so much so aid 
down, which is a kind of plumage peculiar to 
aquatic birds, and covers their chest, the part most 
exposed to the water ; for though the surface of the 
water is scarcely of a lower temperature than the 
atmosphere, yet, as it is a better conductor of heat, 
it feels much colder, consequently the chest of the 
bird requires a warmer covering than any other 
part of its body. Besides, the breasts of aquatic 
birds are exposed to cold, not only from the tem- 
perature of the water, but also from the velocity 
with which the breast of the bird strikes against 
it ; and likewise from the rapid evaporation occa- 
sioned by the air against which it strikes, after it 
has been moistened by dipping from time to time 
into the water. 

If you hold a finger of one hand motionless in a 
glass of water, and at the same time move a finger 
of the other hand swiftly through water of the 
same temperature, a different sensation will be 
soon perceived in the different fingers. 

Most animal substances, especially those which 
Providence has assigned as a covering for animals, 
such as fur, wool, hair, skin, &c., are bad con- 
ductors of heat, and are, on that account, such 
excellent preservatives against the inclemency of 
winter, that our warmest apparel is made of these 
materials. 

EMILY. 

Wood, I suppose, is not so good a conductor as 
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metal : and It is for that reason, no doubt, that 
silver teapots have always wooden handles ? 

MRS. B. 

Yes ; and it is the facility with which metals 
conduct caloric that made you suppose that a 
silver pot radiated more caloric than an earthen 
one. The silver pot is, in fact, hotter to the hand 
when in contact with it ; but it is because its con- 
ducting power more than counterbalances its de- 
ficiency in regard to radiation. 

We have observed that the most dense bodies 
are in general the best conductors ; and metals, 
you know, are of that class. Porous bodies, such 
as the earths and wood, and the animal substances 
to which I just now referred, are the worst con- 
ductors, chiefly, I believe, on account of their 
pores being filled with air : for air is a remark- 
ably bad conductor. 

CAROLINE. 

It is a very fortunate circumstance that air 
should be a bad conductor, as it tends to preserve 
the heat of the body when exposed to cold weather. 

MRS. B. 

It is one of the many benevolent dispensations 
of Providence, in order to soften the inclemency 
of the seasons, and to render almost all climates 
habitable to man. 

In fluids of different densities, the power of 
conducting heat varies no less remarkably : if you 
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dip your hand into this vessel full of mercury, you 
will scarcely conceive that its temperature is not 
lower than that of the atmosphere. 

CAROLINE. 

Indeed, I know not how to believe it, it feels so 
extremely cold. But we may easily ascertain its 
true temperature by the thermometer. It is really 
not colder than the air ; — the apparent difference, 
then, is produced merely by the difference of the 
conducting power in mercury and in air. 

MRS. B. 

Yes ; hence you may judge how little the sense 
of feeling is to be relied on as a test of the tem- 
perature of bodies, and how necessary a thermo- 
meter is for that purpose. 

It has indeed been doubted whether fluids have 
the power of conducting caloric in the same 
manner as solid bodies. Count Rumford has en- 
deavoured to show, by a variety of experiments, 
that fluids, when at rest, were not endowed with 
this property. 

CAROLINE. 

How is that possible, since they are capable of 
imparting cold or heat to us ; for if they did not 
conduct heat, they would neither take it from, nor 
give it to us? 

MRS. B. 

Count Rumford did not mean to say that fluids 
would not conmiunicate their heat to solid bodies ; 
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but only that it is not transmitted from one par- 
ticle of a fluid to another, in the same manner as 
in solid bodies. ' 

EMILY. 

But when you heat a vessel of water over the 
fire, if the particles of water do not communicate 
heat to each other, how does the water become hot 
throughout ? 

By constant agitation. Water, as you have 
seen, expands by heat in the same manner as solid 
bodies; the heated particles of water, therefore, 
at the bottom of the vessel, become specifically 
lighter than the rest of the liquid, and conse- 
quently ascend to the surface, where, parting with 
some of their heat to the colder atmosphere, they 
are condensed, and give way to a fresh succession 
of heated particles ascending from the bottom, 
which, having thrown off their heat at the surface, 
are in their turn displaced. Thus every particle 
is successively heated at the bottom, and cooled at 
the surface of the liquid ; but as the fire commu- 
nicates heat more rapidly than the atmosphere cools 
the succession of surfaces, the whole of the liquid 
in time becomes heated. 

CAKOLINE. 

This accounts most ingeniously for the propa- 
gation of heat upwards. But suppose you were 
to heat the upper surface of a liquid, the particles. 
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being specifically lighter than those below, could 
not descend ; how, therefore, would the heat be 
communicated downwards ? 

MRS. B. 

If there were no agitation to force the heated 
surface downwards, the heat would not descend, 
at least not in any sensible degree. In proof of 
this. Count Rumford succeeded in making the 
upper surface of a vessel of water boil and eva- 
porate, while a cake of ice remained frozen at the 
bottom. 

CAROLINE. 

This is very extraordinary indeed ! 

MRS. B. 

It appears so, because we are not accustomed to 
heat liquids by their upper surface ; but you will 
understand this theory better if I show you the 
internal motion which takes place in liquids when 
they experience a change of temperature. The 
motion of the liquid itself is indeed invisible, 
from the extreme minuteness of its particles ; 
but if you mix with it any coloured dust, or 
powder, of nearly the same specific gravity as the 
liquid, you may judge of the internal motion of 
the latter by that of the coloured dust it contains. 
Do you see the small pieces of amber moving 
about in the liquid contained in this phial ? 

CAROLINE. 

Yes, perfectly. 
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MBS. B. 

We shall now immerse the phial in a glass of 
hot water^ and the motion of the liquid will be 
shown by that which it communicates to the amber. 

EMILY. 

I see two currents^ the one rising along the sides 
of the phial, the other descending in the centre ; 
but I do not understand the reason of this. 

MRS. B. 

The hot water communicates its caloric, through 
the medium of the phial, to the particles of the 
fluid nearest to the glass ; these dilate and ascend 
laterally to the surface, where in parting with 
their heat, they are condensed, and in descending, 
form the central current. 

CAROLINE. 

This is indeed a very clear and satisfactory ex- 
periment ; but how much slower the currents now 
move than they did at first I 

MRS. B. 

It is because the circulation of particles has 
nearly produced an equality of temperature be- 
tween the liquid in the glass and that in the phial. 

CAROLINE. 

But these communicate laterally ; and I thought 
that heat in liquids could be propagated only up- 
wards. 
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MBS. B. 

You do not take notice that the heat is imparted 
from one liquid to the other through the medium 
of the phial itself, the. external surface of which 
receives the heat from the water in the glass, whilst 
its internal surface transmits it to the liquid it 
contains. Now take the phial out of the hot water, 
and observe the eflFect of its cooling. 

EMILY. 

The currents are reversed ; the external current 
now descends, and the internal one rises. I guess 
the reason of this change: — the phial being in 
contact with cold air instead of hot water, the 
external particles are cooled instead of being 
heated ; they therefore descend and force up the 
central particles, which, being warmer, are con- 
sequently lighter. 

MBS. B. 

It is just so. Count Rumford inferred from 
hence that no alteration of temperature can take 
place in a fluid, without an internal motion of its 
particles ; and as this motion is produced only by 
the comparative levity of the heated particles, heat 
cannot be propagated downwards. This theory, 
however, is not perfectly correct, for in subsequent 
experiments the temperature of water has been 
rfused by the application of heat to its upper 
surface ; the effect produced is, however, ex*- 
tremely slow. 
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EMILY. 

But might uot the heat be communicated by 
the sides of the vessel in which the water was 
contained ? 

MRS* B* 

No; for the vessel consisted of an excavation 
made in a lump of ice. 

But though Count Rumford's theory is not 
strictly correct, yet there is, no doubt, much truth 
in his observation, that the communication is 
materially promoted by a motion of the parts; 
and this accounts for the cold that is found to 
prevail at the bottom of the lakes in Switzerland, 
which are fed by rivers issuing from the snowy 
Alps. The water of these rivers, being colder, and 
therefore more dense than that of the lakes, sub- 
sides to the bottom, where it cannot be affected 
by the warmer temperature of the surface : the 
motion of the waves may communicate this tem- 
perature to some little depth, but it can descend 
no further than the agitation extends. 

EMILY. 

But when the atmosphere is colder than the 
lake, the colder surface of the water will descend^ 
for the very reason that the warmer will not. 

MRS. B. 

Cert^ly ; and it is on this account that neither 
a lake, nor any body of water whatever, can be 
frozen until every particle of the water has risen 
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to the surface to give off its caloric to the colder 
atmosphere ; therefore the deeper a body of water 
is, the longer will be the time it requires to be 
frozen. 

EMILT. 

But if the temperature of the whole body of 
water be brought down to the freezing point, why 
is only the surface frozen ? 

The temperature of the whole body is lowered, 
but not to the freezing point. The diminution of 
heat, as you know, produces a contraction in the 
bulk of fluids, as well as of solids. This effect, 
however, does not take place in water below the 
temperature of 40 degrees, which is 8 degrees 
above the freezing point. At that temperature, 
therefore, the internal motion, occasioned by the 
increased specific gravity of the condensed par- 
ticles, ceases; for when the water at the surface 
no longer condenses, it will no longer descend and 
leave a fresh surface exposed to the atmosphere : 
this surface alone, therefore, will be further ex- 
posed to its severity, and will soon be brought 
down to the freezing point, when it becomes ice, 
which, being a bad conductor of heat, preserves 
the water beneath for a lono^ time from beinsr 
afi&cted by the external cold* 

CAJtOLINE. 

And the sea does not freeze, I suppose, because 
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its depth Is so great that a frost never lasts long 
enough to bring down the temperature of such a 
great body of water to 40 degrees ? 

MBS. B. 

That is one reason why the sea freezes only in 
the most northern latitudes. But, independently 
of this, salt water does not freeze till it is cooled 
much below 32 degrees ; and with respect to the 
law of condensation, salt water is an exception, as 
it condenses even many degrees below the freezing 
point. When the caloric of fresh water, therefore, 
is imprisoned by the ice on its surface, the ocean 
still continues throwing off heat into the atmo- 
sphere, which is a most signal dispensation of 
Providence to moderate the intensity of the cold 
in winter. 

CABOLINE. 

This theory of the non-conducting power of 
liquids, does not, I suppose, hold good with respect 
to air, otherwise the atmosphere would not be 
heated by the rays of the sun passing through It ? 

MBS. 3. 

Nor is It heated in that way. The pure atmo- 
sphere Is a perfectly transparent medium, which 
neither radiates, absorbs, nor conducts caloric, but 
transmits the rays of the sun to us without dimin- 
ishing their Intensity in any sensible degree. The 
air Is therefore not more heated, by the sun's rays 
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passing through it, than diamond, glass, water, or 
any other transparent medium. 

CAROLINE. 

That is very extraordinary ! Are glass windows 
not heated, then, by the sun shining on them ? 

MRS. B. 

No : not if the glass be perfectly transparent, 
A most convincing proof that glass transmits the 
rays of the sun without being heated by them is 
afforded by the burning lens, which, by converging 
the rays to a focus, will set combustible bodies on 
fire, without its own temperature being raised. 

EMILY. 

Yet, Mrs. B., if I hold a piece of glass near the 
fire, it is almost unmediately warmed by it : the 
glass, therefore, must retain some of the caloric 
radiated by the fire? Is it that the solar rays 
alone pass freely through glass? It seems un- 
accountable that the radiation of a common fire 
should have power to do what the sun's rays 
cannot accomplish. 

MRS. B. 

It is not because the rays from the fire have 
more power, but because they have less, that 
they heat glass and other transparent bodies. It 
is true, however, that as you approach the source 
of heat, the rays being nearer each other, the heat 
is more condensed, and can produce effects of 
which the solar rays, from the great distance of 
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tbeir source^ are incapable. Thus we should find 
it impossible to roast a joint of meat by the sun's 
rays, though it is so easily done by culinary heat. 
Yet caloric emanating from burning bodies, which 
is commonly called culinary heat, has neither the 
intensity nor the velocity of solar rays. All calo- 
ric, we have said, is supposed to proceed originally 
from the sun ; but after having been incorporated 
with terrestrial bodies, and again given out by 
them, though its nature is not essentially altered, 
it retains neither the intensity nor the velocity 
with which it first emanated from that luminary ; 
it has, therefore, not the power of passing through 
transparent mediums, such as glass and water, 
without being partially retained by those bodies. 

EMILY. 

I recollect that, in the experiment on the re- 
flection of heat, the glass screen which you inter- 
posed between the burning taper and the mirror 
arrested the rays of caloric, and suffered only those 
of light to pass through it. 

MRS. B. 

It has been recently ascertained by a celebrated 
Italian philosopher, Mr. Melloni, that the higher 
the temperature of the source of heat, the greater 
is the quantity of calorific rays capable of passing 
through glass, rock crystal, or other transparent 
media, without being retained by them. He dis- 
covered, for instance, that a plate of rock crystal 
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transmits half the calorific rays proceeding from 
the intense heat furnished by the flame of an 
Argand lamp, a quarter only of those proceed- 
ing from a piece of red-hot platina ; while the 
whole of the rays emanating from a flask of boil- 
ing water are intercepted and retained by the 
transparent medium: not a single ray passes 
through it. 

CAROLINE. 

And are those substances which we usually con- 
sider the most transparent for light, also the most 
capable of transmitting rays of heat without 
diminishing their intensity ? 

MRS. B. 

By no means constantly, as you may judge 
from the following experiment of Melloni. He 
ascertained that a plate of perfectly transparent 
crystallised alum of only the twenty-fourth part 
of an inch in thickness, could transmit a less 
quantity of calorific rays proceeding from any 
given source, than a plate of rock crystal, four 
inches thick, and, comparatively speaking, almost 
opaque. He even observed that a piece of glass, 
blackened over so as to be completely impervious 
to light, could nevertheless transmit a greater 
quantity of rays of heat than a perfectly trans- 
parent piece of alum of the same thickness. 



EMILY. 



How singular I 
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MRS. B. 

But this is not all : the same philosopher has 
showily that if calorific rays are made to pass suc- 
cessively through plates of different substances, 
the loss they undergo, instead of remaining the 
same, diminishes as they pass through each suc- 
cessive medium. Supposing, for instance, a plate 
of glass to be capable of transmitting one-eighth of 
the rays emanating from a red-hot bullet ; a second 
plate will transmit a quarter y perhaps, of the rays 
that have passed through the first ; a third plate 
as much as Aa^ of those that have found their 
way through the second ; and so on. 

CAROLINE. 

How very extraordinary ! Why, Mrs. B., one 
would be almost inclined to think that rays of 
heat are not all of the same nature, but of a more 
or less delicate texture, so as to be unequally 
transmissible through solid bodies. Thus, in your 
experiment, when the least transmissible rays 
have been intercepted by the first plate of glass, 
those that have succeeded in passing through it, 
being of a finer quality, would be naturally less 
liable to be intercepted by a second plate, and 
still less by a third. 

MRS. B. 

I congratulate you, Caroline, on having arrived 
at the same conclusion as Melloni himself, after a 
series of long and laborious researches. Melloni 
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is convinced that radiant heat is composed^ like 
light, of rays of different quality, which can be 
distinguished from each other by the degree of 
facility with which they are capable of being trans- 
mitted through different solid media* He has 
designated them by the names of rays of easy and 
difficult transmission. According to this theory, 
intensely hot bodies, like the flame of the Argand 
lamp, half of whose rays are capable of being 
transmitted through a plate of transparent rock 
crystal, contain, and consequently emit, a very 
large proportion of rays that are easily transmis- 
sible; while the caloric of the boiling water, 
whose rays, you may recollect, are completely 
intercepted by the same medium, is composed 
almost entirely of rays of difficult transmission. 

EMILY. 

I suppose, then, that the siin's rays, which are 
transmitted through a pane of glass without their 
intensity being diminished in any sensible degree, 
are all rays of easy transmission. 

MRS. B. 

Just so : but we must not attempt to go deeper 
into this highly interesting but very difficult 
subject. I will only add that, while by far the 
greater number of rays proceeding from what we 
have called culinary heat, are arrested by all other 
transparent mediums, •a plate of crystallised com- 
mon salt affords an equally ready passage to all 
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descriptions of calorific rays, of whatever nature 
be the source of heat from which they are derived. 
The whole of the rays emanating from the boiling 
water^ as well as from the fiame of the Argand 
lamp^ will be transmitted without loss through 
this substance. 

CABOLIKE. 

And yet it is not more porous or more trans- 
parent than many others. — But, Mrs. B., as 
we must not go further into this interesting sub- 
ject, allow me to ask you another question : since 
the atmosphere is not warmed by the solar rays 
passing through it, how does it obtain heat? 
for all the fires that are burning on the surface 
of the earth would contribute very little towards 
warming it. 

EMILY. 

The radiation of heat is not confined to burning 
bodies ; for all bodies, you know, have that pro- 
perty : therefore, not only every thing upon the 
surface of the earth, but the earth itself, must 
radiate heat; and this terrestri^ caloric, not 
having, I suppose, sufficient power to traverse the 
atmosphere, communicates heat to it. 

MBS. B. 

Your inference is extremely well drawn, Emily; 

but the foundation on which it rests is not sound : 

for the fact is, that terrestrial or culinary heat, 

though it cannot pass through the denser trans- 
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parent mediums^ such as glass or water, without 
considerable loss, traverses the atmosphere com- 
pletely ; so that all the heat which the earth 
radiates, unless it meet with clouds or any foreign 
body to intercept its passage, passes into the dis- 
tant regions of the universe. 

CAROLINE. 

What a pity that so much heat should be 
wasted ! 

MRS. B. 

Before you are tempted to object to any law 
of nature, reflect whether it may not prove to be 
one of the numberless dispensations of Providence 
for our good. If all the heat which the earth has 
received from the sun since the creation had been 
accumulated in it, its temperature by this time 
would, no doubt, have been more intense than 
any human being could have borne. 

CAROLINE. 

I spoke, indeed, very inconsiderately. But, 
Mrs. B., though the earth, at such a high temper- 
ature, might have scorched our feet, we should 
always have had a cool refreshing air to breathe, 
since the radiation of the earth does not heat the 
atmosphere. 

EMILY. 

The cool air would have afforded but very 
insufficient refreshment, whilst our bodies were 
exposed to the burning radiation of the earth. 
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MRS. B. 

Nor should we have breathed a cool air ; for 
though it is true that heat is not communicated to 
the atmosphere by radiation, yet the air is warmed 
by contact with heated bodies^ in the same nlanner 
as solids or liquids. The stratum of air which is 
immediately in contact with the earth is heated 
by it; it becomes specifically lighter, and rises, 
making way for another stratum of air, which is, in 
its turn, heated and carried upwards ; and thus 
each successive stratum of air is warmed by coming 
in contact with the earth. You may perceive this 
effect in a sultry day, if you attentively observe 
the strata of air near the surface of the earth : they 
appear in constant agitation. 

CAROLINE. 

But, Mrs. B., the air is invisible ? 

MRS. B* 

• True ; but the sun shining on the vapours floating 
in it renders them visible, like the amber dust in the 
water. The temperature of the surface of the earth 
is therefore the source from whence the atmo- 
sphere derives its heat, though it is communicated 
neither by radiation, nor transmitted from one par- 
ticle of it to another by the conducting power ; 
but every particle of air must come in contact 
with the earth, in order to receive heat from it. 
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EMILY. 

Wind, then, by agitating the air, should con- 
tribute to cool the earth and warm the atmosphere, 
by bringing a more rapid succession of fresh strata 
of air in contact with the earth ? and yet in general 
wind feels cooler than still air. 

MRS. B. 
Because the a^tation of the air carries off heat 
from the surface of our bodies more rapidly than 
still air, by occasioning a greater number of points 
of contact in a given time. 

EMILY. 

Since it is from the earth, and not the sun, 
that the atmosphere receives its heat, I no longer 
wonder that elevated regions should be colder than 
plains and valleys. It was always a subject of 
astonishment to me, that in ascending a mountain 
and approaching the sun, the air became colder 
instead of being more heated. 

MRS. B. 

At the distance of about a hundred millions of 
miles, which we are from the sun, the approach of 
a few thousand feet makes no sensible difference, 
whilst it produces a very considerable effect with 
regard to the warming the atmosphere at the sur- 
face of the earth. 

CAROLINE. 

Yet as the warm air arises from the earth, and 
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the cold air descends to it, I should have supposed 
that heat would have accumulated in the upper 
regions of the atmosphere, and that we should 
have felt the air warmer as we ascended. 

MRS* Ba 

The atmosphere, you know, diminishes in density, 
and consequently in weight, as it is more distant 
from the earth : the warm air, therefore, rises only 
till it meets with a stratum of air of its own density, 
and it will not ascend into the upper regions of the 
atmosphere until all the parts beneath have been 
previously heated. The length of summer, even 
in warm climates, does not heat the air sufficiently 
to melt the whole of the snow which has accumu- 
lated during the winter on very high mountains, 
although they are almost constantly exposed to the 
heat of the sun's rays, being too much elevated to 
be often enveloped in clouds. 

EMILY. 

These explanations are very satisfactory; but 
allow me to ask you one more question respecting 
the increased levity of heated liquids. You said 
that when water was heated over the fire, the par- 
ticles at the bottom of the vessel ascended as soon 
as heated, in consequence of their specific levity ; 
why does not the same effect continue when the 
water boils, and is converted into steam? and 
why does the steam rise from the surface instead 
of the bottom of the liquid ? 
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MRS. B. 

The steam or vapour does ascend from the 
bottom^ though it seems to arise from the surface 
of the liquid. We shall boil some water in this 
Florence flask (Plate IV. fig. 1), in order that 
you may be well acquainted with the process of 
ebullition : you will then see, through the glass, 
that the vapour rises in bubbles from the bottom. 
We shall make it boil by means of a lamp, which 
is more convenient for this purpose than the 
chimney fire. 

EMILY. 

I see some small bubbles ascend, and a great 
many appear all over the inside of the flask : does 
the water begin to boil already ? 

No : what you now see are bubbles of air, which 
were either dissolved in the water, or attached to 
the inner surface of the flask, and which, being 
rarefied by the heat, ascend in the water. 

EMILY. 

But the heat which rarefies the air enclosed in 
the water must rarefy the water at the same time ; 
therefore, if it could remain stationary in the water 
when both were cold, I do not understand why it 
should not when both are equally heated. 

MRS. B. 

Air,^ being much less dense than water, is more 
fettaily rarefied ; the former, therefore, expands to a 
great extent, whilst the latter continues to occupy 
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nearly the same space ; for water dilates compara- 
tively but very little without changing its state 
and becoming vapour. Now that the water in the 
flask begins to boil, observe what large bubbles 
rise from the bottom of it. 

EMILY. 

I see them perfectly ; but I wonder that they 
have sufficient power to force themselves through 
the water. 

CAROLINE. 

They must rise, you know, from their specific 
levity. 

MRS. B. 

You are right, Caroline : but vapour has not in 
all liquids (when brought to the degree of vapor- 
isation) the power of overcoming the pressure of 
the less heated surface. Metals, for instance, mer- 
cury excepted, evaporate only from the surface ; 
therefore no vapour will ascend from them till the 
degree of heat which is necessary to form it has 
reached the surface ; that is to say, till the whole 
of the liquid is brought to a state of ebullition. 

EMILY. 

I have observed that steam. Immediately issuing 
from the spout of a tea-kettle, is less visible than 
at a further distance from it ; yet it must be more 
dense when it first evaporates, than when it begins 
to diffuse itself in the air. 
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MRS. B. 

When the steam is first formed, it is so perfectly 
dissolved by caloric, as to be invisible. In order, 
however, to understand this, it will be necessary 
for me to enter into some explanation respecting 
the nature of solution. Solution takes place 
whenever a body is melted in a fluid. In this 
operation the body is reduced to such a minute 
state of division by the fluid, as to become invisible 
in it, and to partake of its fluidity ; but in common 
solutions this happens without any decomposition, 
the body being only divided into its integrant 
particles by the fluid in which it is melted. 

» CAEOLINE. 

It is, then, a mode of destroying the attraction 
of aggregation? 

MBS. B. 

Undoubtedly. The two principal solvent fluids 
are water and caloric. You may have observed 
that if you melt salt in water it totally disappears, 
and the water remains clear and transparent as 
before ; yet though the union of these two bodies 
appears so perfect, it is not produced by any 
chemical combination : both the salt and the water 
remain unchanged ; and if you were to separate 
them by evaporating the latter, you would find 
the salt in the same state as before. 

EMILY. 

I suppose that water is a solvent for solid bodies, 
and caloric for liquids ? 



fbeb; caloric. 95 

MBS* B* 

Liquids of course can only be converted into 
vapour by caloric But the solvent power of this 
agent is not at all confined to that class of bodies ; 
a great variety of 8oM subatances are diasolved by 
heat ; thus metals, which are insoluble in water, 
can be dissolved by intense heat, being first fused 
or converted into a liquid, and then rarefied into 
an invisible vapour. Many other bodies, such as 
salt, gums, &c., yield to either of these solvents. 

CABOLINE. 

And that, no doubt, is the reason why hot water 
will melt them so much better than cold water ? 

MRS. B. 

It is so. Caloric may indeed be considered as 
having, in every instance, some share in the solu- 
tion of a body by water, since water, however low 
its temperature may be, always contains more or 
less caloric. 

EMILY. 

Then, perhaps^ water owes its solvent power 
merely to the caloric contained in it ? 

MRS. B. 

That,, probably, would be carrying the specula- 
tion too far. I should rather think that water and 
caloric unite their efibrts to dissolve a body, and 
that the difficulty or facility of effecting this depends 
both on the degree of attraction of aggregation 
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to be overcome, and on the arrangement of the 
particles which are more or less disposed to be 
divided and penetrated by the solvent, 

EMILY. 

But have not all liquids the same solvent power 
as water ? 

MBS. B. 

The solvent power of other liquids varies accord- 
ing to their nature, and that of the substances sub- 
mitted to their action. Most of these solvents. 
Indeed, differ essentially from water, as they do not 
merely separate the integrant particles of the bodies 
which they dissolve, but attack their constituent 
principles by the power of chemical attraction, 
thus producing a true decomposition. These more 
complicated operations we must consider in another 
place, and confine our attention at present to the 
solutions by water and caloric. 

CAROLINE. 

But there are a variety of substances which, 
when dissolved In water, make it thick and muddy, 
and destroy its transparency. 

MRS. B. 

In this case it Is not a solution, but simply a 
mixture. I shall show you the difference between 
a solution and a mixture, by putting some common- 
salt into one glass of water, and some powder of 
chalk into another: both these substances are 
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white, but their effect on the water will be very 
different* 

CAROLINE, 

Very different indeed ! The salt entirely disap- 
pear8> and leaves the water transparent, whilst the 
chalk changes it into an opaque liquid like milk. 

EMILY. 

And would lumps of chalk and salt produce 
similar effects on water ? 

MBS. B. 

Yes, but not so rapidly ; salt is, indeed, soon 
melted, though in a lump ; but chalk, which does 
not mix so readily with water, would require a 
much greater length of time. I therefore pre- 
ferred showing you the experiment with both 
substances reduced to powder, which does not in 
any respect alter their nature, but facilitates the 
operation merely by presenting a greater quantity 
of surface to the water. 

I must not forget to mention a very curious 
circumstance respecting solutions, which is, that a 
fluid is not nearly so much increased in bulk by 
holding a body in solution, as it would be by mere 
mixture with the body. 

CABOLINE. 

How is that possible? for two bodies cannot 
^ist together in the same spacet 
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MRS. B. 

Two bodies may, by condensation, occupy less 
space when in union, than when separate ; and 
this I can show you by an easy experiment. 

This phial, which contains some salt, I shall 
fill with water, pouring it in quickly, so as not to 
dissolve much of the salt ; and when it is quite 
full I cork it. If I now shake the phial till the 
salt is dissolved, you will observe that it is no 
longer full. 

CABOLINE. 

I shall try to add a little more salt. But now, 
you see, Mrs. B., the water runs over. 

MBS. B. 

Yes ; but observe that the last quantity of salt 
you put in remains solid at the bottom, and dis- 
places the water ; which has already melted all the 
salt it is capable of holding in solution. This is 
called the point of saturation ; and the water in 
this case is said to be saturated with salt. 

EMILY. 

I think I now understand the solution of a solid 
body by water perfectly ; but I have not so clear 
an idea of a solution of a liquid by caloric. 

MBS. B. 

It 18 probably of a similar nature ; but as caloric 
is an invisible fluid, its action as a sdivent is not so 
obvious as that of water. Caloric, we may conceive^ 
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dissolves water, and converts it into vapour by the 
same process as that by which water dissolves salt; 
that is to say, the particles of water are so minutely 
divided by the caloric as to become invisible. Thus, 
you are now enabled to understand why the vapour 
of boiling water, when it first issues from the spout 
of a kettle, is invisible ; it is so because it is then 
completely dissolved by caloric. But the air with 
which it comes in contact being much colder than 
the vapour, the latter yields to it a quantity of its 
caloric. The particles of vapour being thus in a 
great measure deprived of their solvent, gradually 
collect, and become visible in the form of- steam, 
which is water in a state of imperfect solution ; and 
if you were further to deprive it of its caloric, it 
would return to its original liquid state. 

GABOLIN£. 

That I understand very well. If you hold a cold 
plate over a tea-urn, the steam issuing from it will 
be immediately converted into drops of water by 
parting with its caloric to the plate ; but in what 
state is the steam, when it becomes invisible by 
being diffused in the air ? 

HBS. B. 

It is not merely diffused, but is again dissolved 
by the air. 

EMILY. 

The air, then, has a solvent power, like water 
and caloric ? 

H 2 
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MRS. B. 

This was formerly believed to be the case. But 
it is now ascertained that the solvent power of 
the atmosphere depends solely upon the caloric 
contained in it. Sometimes the watery vapour 
diffused in the atmosphere is but imperfectly dis-> 
solved^ as is the case in the formation of clouds 
and fogs : but if it get into a region sufficiently 
warm, it becomes quite invisible. 

EMILY. 

Can any water be dissolved in the atmosphere 
without having been previously converted into 
vapour by boiling ? 

MRS. B. 

Unquestionably : and this constitutes the differ- 
ence between vaporisation and evaporation. Water, 
when heated to the boiling point, can no longer 
exist under the form of water, and must necessarily 
be converted into vapour or steam, whatever may 
be the state and temperature of the surrounding 
medium ; this is called vaporisation. But the at-^ 
mosphere, by means of the caloric it contains, can 
take up a certain portion of water at any temper- 
ature, and hold it in a state of solution. This is 
simply evaporation. Thus the atmosphere is con- 
tinually carrying off moisture from the surface of 
the earth, until it is saturated with it. 

CAROLINE. 

That is the case, no doubt, when we feel the 
atmosphere damp. 
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MRS. B. 

On the contrary, when the moisture Is well dis- 
solved it occasions no humidity ; it Is only when 
in a state of imperfect solution and floating in the 
atmosphere, in the form of watery vapour, that 
it produces dampness. This happens more fre- 
quently in winter than in summer ; for the lower 
the temperature of the atmosphere, the less water 
it can dissolve ; and in reality it never contains 
so much moisture as in a dry hot summer's day. 

CAROLINE. 

You astonish me I But why, then. Is the air so 
dry in frosty weather, when its temperature is at 
the lowest ? 

EMILY. 

This, I conjecture, proceeds not so much from 
the moisture being dissolved, as from its being 
frozen. Is not that the case ? 

MRS. B. 

It Is ; and the freezing of the watery vapour 
which the atmospheric heat could not dissolve pro- 
duces what Is called a hoar frost ; for the particles 
descend In freezing, and attach themselves to what-* 
ever they meet with on the surface of the earth. 

The tendency of free caloric to an equal dif- 
fusion, together with its solvent power, are like- 
wise connected with the phenomena of rain, of 
dew, &c. When moist air of a certain temperature 
bap|)ens to pass through a colder region of the at- 
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mosphere, it parts with a portion of its heat to the 
surrounding air : the quantity of caloric, therefore, 
which served to keep the water in a state of va- 
pour, being diminished, the watery particles ap- 
proach each other, and form themselves into drops 
of water, which, being heavier than the atmo- 
sphere, descend to the earth. There are also other 
circumstances, and particularly the variation in 
the weight of the atmosphere, the changes which 
take place in its electrical state, &c., which may 
contribute to the formation of rain. This, how- 
ever, is an intricate subject, into which we cannot 
more fully enter at present. 

EMILT. 

I should like very much to know how dew is 
formed ; cannot you explain that to us ? 

MRS. B. 

Dew is a deposition of watery particles or minute 
drops from the atmosphere, precipitated by the 
coolness of the evening. 

CAROLINE. 

This precipitation must be owing to the cooling 
of the atmosphere, which prevents its retaining 
so great a quantity of watery vapour in solution 
during the night, as it does during the heat of the 
day. 

MRS. B. 

Such was, for many years, the generally re- 
ceived opinion respecting the cause of dew ; but 
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it has been ascertained by a course of ingenious 
experiments of Dr. Wells^ that the deposition of 
dew is produced by the cooling of the surface 
of the earth, which he has shown to take place 
previously to the cooling of the atmosphere ; for 
on examining the temperature of a plot of grass 
just before the dew-fall, he found that it was 
considerably colder than the air a few feet above 
it, from which the dew was shortly after pre- 
cipitated. 

EMILY. 

But why should the earth cool in the evening 
sooner than the atmosphere ? 

MBS. B. 

Because it parts with its heat more readily than 
the air ; the earth is an excellent radiator of caloric, 
whilst the atmosphere does not possess that pro- 
perty, at least in any sensible degree. Towards 
evening, therefore, when the solar heat declines, 
and when, after sunset, it entirely ceases, the earth 
rapidly cools by radiating heat towards the skies ; 
whilst the air has no means of parting with its heat 
but by coming into contact with the cooled surface 
of the earth, to which it communicates its caloric. 
Its solvent power being thus reduced, it is unable 
to retain so large a portion of watery vapour, and 
deposits those pearly drops which we call dew. 

EMILY, 

If this be the cause of dew, we need not be 
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apprehensive of receiving any injury from it; 
for it can be deposited only on surfaces that are 
colder than the atmosphere^ and that is never the 
case with our bodies. 

MRS. B. 

Very true ; yet I would not advise you for this 
reason to be too confident of escaping all the ill 
effects which may arise from exposure to the dew ; 
for it may be deposited on your clothes, and chill 
you afterwards by its evaporation from them. 
Besides, whenever the dew is copious, there is a 
chilliness in the atmosphere which it is not always 
safe to encounter. 

CAROLINE. 

Wind, then, must promote the deposition of 
dew, by bringing a more rapid succession of par- 
ticles of air in contact with the earth, just as it 
promotes the cooling of the earth and warming 
of the atmosphere during the heat of the day ? 

MRS. B. 

This may be the case in some degree, provided 
the agitation of the air be not considerable ; for 
when the wind is at all strong, it is found that less 
dew is deposited than in calm weather, especially 
if the atmosphere be loaded with clouds. These 
accumulations of moisture not only prevent the free 
radiation of the earth towards the upper regions, 
but themselves radiate towards the earth; for 
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which reasons much less dew is formed than on 
fine clear nights^ when the radiation of the earth 
passes without obstacle through the atmosphere to 
the distant regions of space, whence It receives no 
caloric in exchange. The dew continues to be 
deposited during the night, and Is generally most 
abundant towards morning, when the contrast 
between the temperature of the earth and that of 
the air is greatest. After sunrise, the equilibrium 
of temperature between these two bodies is gradu- 
ally restored by the solar rays passing freely 
through the atmosphere to the earth ; and later 
in the morning the temperature of the earth gains 
the ascendency, and gives out caloric to the air by 
contact, in the same manner as it receives it from 
the air during the night. 

EMILY. 

Pray, Mrs. B., why is a bottle of wine taken 
fresh from the cellar (in summer particularly) 
soon covered with dew ; and even the glasses Into 
which the wine is poured moistened with a similar 
vapour ? 

MBS. B. 

The bottle beiDg colder than the surrounding 
air, must absorb caloric from It ; the moisture, 
therefore, which that air contained, becomes visi- 
ble, and forms the dew which is deposited on the 
bottle. Now, Caroline, can you Inform me why, 
in a warm room, or close carriage, the contrary 
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effect takes place ; that is to say, that the inside 
of the windows is covered with vapour ? 

CAROLINE. 

I have heard that it proceeds from the breath of 
those within the room or the carriage ; and I sup- 
pose it is occasioned by the windows, which, being 
colder than the breath, deprive it of part of its 
caloric, and bj this means convert it into watery 
vapour. 

MBS. B, 

You have explained it extremely well^ Bodies 
attract dew in proportion as they are good radia«» 
tors of caloric, as it is this quality which reduces 
their temperature below that of the atmosphere ; 
hence we find that little or no dew is deposited 
on rocks, sand, or water ; while grass and living 
vegetables, to which, it is so highly beneficial, 
attract it in abundance; another remarkable in- 
stance of the wise and bountiful dispensations of 
Providence. 

EMILY. 

And we may as^ain observe it in the abundance 
of dew in eummer, and in hot climates, when its 
cooling effects are so much required ; but I do not 
understand what natural cause increases the dew 
in hot weather? 

MBS. B. 

The more caloric the earth receives during the 
day, the more it will radiate afterwards, and conse* 
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quently the more rapidly its temperature will be 
reduced in the evening, in comparison to that of the 
atmosphere. In the West Indies, especially, where 
the intense heat of the day is strongly contrasted 
with the coolness of the evening, the dew is pro- 
digiously abundant. During a drought, the dew 
is less plentiful, as the earth is not sufficiently 
supplied with moisture to be able to saturate the 
atmosphere. 

CAROLINE. 

I have often observed, Mrs. B., that when I 
walk out in frosty weather, with a veil over my 
face, my breath freezes upon it. Pray what is the 
reason of that ? 

MRS. B. 

It is because the cold air immediately seizes on 
the caloric of your breath, and by robbing it of 
its solvent, reduces it to a denser fluid, which is 
the watery vapour that settles on your veil, and 
there it continues parting with its caloric till it is 
brought down to the temperature of the atmo- 
sphere, and assumes the form of ice. 

You may, perhaps, have observed that the breath 
of animals, or rather the moisture contained in it, 
is visible in damp weather, or during a frost. In 
the former case, the atmosphere, being oversatu- 
rated with moisture, can dissolve no more. In 
the latter, the cold condenses it into visible vapour ; 
and for the same reason, the steam arising from 
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water that Is warmer than the atmosphere becomes 
visible. Have you never taken notice of the va- 
pour rising from your hands after having dipped 
them into warm water ? 

CAROLINE. 

Frequently, especially in frosty weather. 

MRS. B. 

We have already observed that pressure is an 
obstacle to evaporation : there are liquids which 
contain so great a quantity of caloric, and whose 
particles consequently adhere so slightly together, 
that they may be rapidly converted into vapour 
without any elevation of temperature, merely by 
taking oflF the weight of the atmosphere. In such 
liquids, you perceive, it is the pressure of the 
atmosphere alone that connects their particles, 
and keeps them in a liquid state. 

CAROLINE. 

I do not well understand how the particles of 
Buch fluids can be disunited and converted into 
vapour, without any elevation of temperature, in 
spite of the attraction of cohesion. 

MRS. B. 

It is because the degree of heat at which we 
usually observe these fluids is suflScient to over- 
come their attraction of cohesion. Ether is of this 
description; it will boil and be converted into 
vapour, at the common temperature of the air, if 
the pressure of the atmosphere be taken off. 
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EMILY. 

I thought that ether would evaporate without 
either the pressure of the atmosphere being taken 
away^ or heat applied ; and that it was for that 
reason so necessary to keep it carefully corked up? 

MRS. B. 

It is true it will evaporate, but without ebul- 
Ution ; what I am now speaking of is the vapor- 
isation of ether, or its conversion into vapour by 
boiling. I am going to show you how suddenly 
the ether in this phial will be converted into vapour 
by means of the air-pump. — Observe with what 
rapidity the bubbles ascend, as I take off the pres- 
sure of the atmosphere. 

CAROLINE. 

It positively boils ; how singular to see a liquid 
boil without heat ! 

MRS. B. 

Now I shall place the phial of ether in this 
glass, which it nearly fits, so as to leave only a 
small space, which I fill with water ; and in this 
state I put it again under the receiver. (Plate IV. 
fig. 1.*) You will observe, as I exhaust the air 

* Two pieces of thin glass tubes, sealed at one end, might 
answer this purpose better. The experiment, however, as 
here described, is difficult, and requires a very nice apparatus. 
But if, instead of phials, or tubes, two watch-glasses be used, 
water may be frozen almost instantly in the same manner. 
The two glasses are placed over one another, with a few 



110 EBEE CALOBIC. 

from it, that the ether boils^ whilst the water 
freezes. 

CABOLINE. 

It is, indeed^ wonderful to see water freeze in 
contact with a boiling fluid ! 

EMILY. 

I am at a loss to conceive how the ether can 
pass to the state of vapour without an addition of 
caloric. Does it not contain more caloric in a state 
of vapour, than in a liquid state ? 

It certainly does ; for though it is the pressure 
of the atmosphere which condenses it into a liquid, 
it is by forcing out the caloric that belongs to it 
when in an aeriform state. 

EMILY. 

You have therefore two difficulties to explain, 
Mrs. B. — -First, whence the ether obtains the ca- 
loric necessary to convert it into vapour when it 
is relieved from the pressure of the atmosphere ; 
and, secondly, what is the reason that the water, 
in which the bottle of ether stands, is frozen ? 

CAROLINE. 

Now, I think, I can answer both these questions. 

drops of water interposed between them, and the uppermost 
glass is filled with ether. After working the pump for a 
minute or two, the glasses are found to adhere stronglj 
together, and a thin layer of ice is seen between them. 
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Hie ether obtains the addition of caloric required, 
from the water in the glass ; and the loss of caloric 
which the latter sustains is the occasion of its 
freezing* 

MBS. B« 

You are perfectly right ; and if you look at the 
thermometer which I have placed in the water, 
whilst I am working the pump, you will see that 
every time bubbles of vapour are produced, the 
mercury descends ; which proves that the heat of 
the water diminishes in proportion as the ether 
boils. 

^ EMILY. 

This I understand, now, very well ; but if the 
water freezes in consequence of yielding its caloric 
to the ether, the equilibrium of heat must, in this 
case, be totally destroyed. Yet you have told us, 
that the exchange of caloric between two bodies of 
equal temperature was always equal ; how, then, is 
it that the water, which was originaUy of the same 
temperature as the ether, gives out caloric to it, till 
the water is frozen and the ether made to boU ? 

MBS. B. 

I suspected that you would make these objec- 
tions; and in order to remove them, I enclosed 
two thermometers in the air-pump ; one of which 
stands in the glass of water, the other in the phial 
of ether; and you may see that the equilibrium of 
temperature is not destroyed ; for as the thermo- 
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meter descends in the water, that in the ether sinks 
in the same manner ; so that both thermometers 
indicate the same temperature, though one of them 
is in a boiling, the other in a freezing liquid. 

EMILY. 

The ether, then, becomes colder as it boils? 
This is so contrary to common experience, that I 
confess it astonishes me exceedingly. 

CAROLINE. 

It is, indeed, a most extraordinary circumstance. 
But pray how do you account for it? 

MRS. B. 

I cannot satisfy your curiosity at present ; for, 
before we can attempt to explain this apparent 
paradox, it is necessary to become acquainted with 
the subject of latent heat ; and that, I think, 
we must defer till our next interview. 

CAROLINE. 

I believe, Mrs. B., that you are glad to put off 
the explanation; for it must be a very difficult 
point to account for. 

MRS. B. 

I hope, however, that I shall do it to your com- 
plete satisfaction. 

EMILY. 

But before we part, give me leave to ask you 
one question. Would not water, as well as ether. 
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boil with less heat^ if deprived of the pressure of 
the atmosphere? 

MRS. B. 

Undoubtedly. You must always recollect that 
there are two forces to overcome, in order to make 
a liquid boil or evaporate ; the attraction of aggre- 
gation, and the weight of the atmosphere. On 
the summit of a high mountain (as M. De Saussure 
ascertained on Mont Blanc) much less heat is 
required to make water boil, than in the plain, 
where the weight of the atmosphere is greater.* 
Indeed, if the weight of the atmosphere be entirely 
removed by means of a good air-pump, and if 
water be placed in the exhausted receiver, it will 
evaporate so fast, however cold it may be, as to 
give it the appearance of boiling from the surface. 
But without the assistance of the air-pump, I can 
show you a very pretty experiment, which proves 
the effect of the pressure of the atmosphere in this 
respect. 

Observe that this Florence flask is about half 
full of water, and the upper half of invisible vapour, 
the water being in the act of boiling. — I take it 
from the lamp, and cork it carefully — the water, 
you see, immediately ceases boiling. — I shall now 
dip the flask into a basin of cold water, f 

♦ On the top of Mont Blanc water boiled when heated 
only to 187 degrees, instead of 212 degrees. 

t The same effect may be produced by wrapping a cold 
wet linen cloth round the upper part of the flask. In order 

VOL. I. I 
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CAROLINE. 

But look, Mrs. B., the hot water begins to boil 
again ; although the cold water must rob it more 
and more of its caloric. What can be the reas0n 
of that ? 

MRS. B. 

Let us examine its temperature. You see the 
thermometer immersed in it remains stationary at 
180 degrees, which is about 30 degrees below the 
boiling point. When I took the flask from the 
lamp, I observed to you that the upper part of it 
was filled with vapour ; this, being compelled to 
yield its caloric to the cold water, was again con- 
densed into water. — What, then, filled the upper 
part of the flask ? 

EMILY. 

Nothing ; for it is too well corked for the air 
to gain admittance, and therefore the upper part 
of the flask must be a vacuum. 

MRS. B. 

The water below, therefore, no longer sustains 
the pressure of the atmosphere, and will conse- 
quently boil at a much lower temperature. Thus 
you see, though it had lost many degrees of heat, 
it began boiling again the instant the vacuum was 
formed above it. The boiling has now ceased, 

to show how much the water cools whilst it is boiling, a 
thermometer, graduated on the tube itself, maybe introduced 
into the bottle through the cork. 
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the temperature of the water being still farther 
reduced : if it had been ether instead of water^ it 
would have continued boiling much longer, for 
ether boils, under the usual atmospheric pressure, 
at a temperature as low as 100 degrees; and in a 
vacuum it boils at almost any temperature ; but 
water, being a more dense fluid, requires a more 
considerable quantity of caloric to make it evapo* 
rate quickly, even when the pressure of the atmo- 
sphere is removed. 

EMILY. 

What proportion of vapour can the atmosphere 
contain in a state of solution? 

MBS. B. 

I do not know whether it has been exactly as- 
certained by experiment ; but at any rate this pro- 
portion must ysLTj according to the temperature 
of the atmosphere ; for the lower the temperature, 
the smaller must be the proportion of vapour which 
the atmosphere can contain. 

To conclude the subject of free caloric, I should 
mention Ignition^ by which is meant that emission 
of light, which is produced in bodies at a very high 
temperature, and which is the effect of accumu- 
lated caloric. 

EMILT. 

You mean, I suppose, that light which is pro- 
duced by a burning body ? 

I 2 
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MRS. B. 

No ; ignition is quite independent of combus- 
tion. Claj, chalk, and indeed all incombustible 
substances, may be made red hot. When a body 
bums, the light emitted is the effect of a chemical 
change which takes place, whilst ignition is the 
effect of caloric alone, and no other change than 
that of temperature is produced in the ignited 
body. 

All solid bodies, and most liquids, are suscept- 
ible of ignition, or, in other words, of being heated 
80 as to become luminous ; and it is remarkable 
that this takes place pretty nearly at the same 
temperature in all bodies, that is, at about 800 
degrees of Fahrenheit's scale. 

EMILY. 

But how can liquids attain so high a tempera- 
ture, without being converted into vapour ? 

MRS. B. 

By means of confinement and pressure. Water 
confined in a strong iron vessel, called Papin's 
digester, can have its temperature raised to up- 
wards of 400 degrees. Sir James Hall made some 
very curious experiments on the effects of heat 
assisted by pressure : by means of strong gun- 
barrels he succeeded in melting a variety of sub- 
stances which were considered as infusible; and 
he considered it not unlikely that, by similar 
methods, water itself might be heated to redness: 
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EMILY. 

I am surprised at that ; for I thought that the 
force of steam was such as to destroy ahnost all 
mechanical resistance. 

MRS. B. 

The expansive force of steam is prodigious; but 
in order to subject water to such high temperature^ 
it is prevented by confinement from being con- 
verted into steam^ and the expansion of heated 
water is comparatively trifling. Mr. Perkins, by 
confining water kept under great pressure in a 
strong iron vessel completely filled, succeeded in 
sufficiently raising its temperature to render it 
capable of liquefying metals, which require be- 
tween 600 and 700 degrees of heat in order to be 
converted to a fluid state. 

We have dwelt so long on the subject of free 
caloric, that we must reserve the other modifica- 
tions of that agent to our next meeting, when we 
shall endeavour to proceed more rapidly. 
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CONVERSATION IV. 

ON COMBINED CALORIC, COMPREHENDING 
SPECIFIC AND LATENT HEAT. 



MRS. B. 

VTe are now to examine the other modifications of 
caloric. 

CAROLINE. 

I am very curious to know of what nature they 
can be ; for I have no notion of any kind of heat 
that is not perceptible to the senses. 

MRS. B. 

In order to enable you to understand them, it 
will be necessary to enter into some previous ex- 
planations. 

It has been discovered by modem chemists, that 
bodies of a different nature, heated to the same 
temperature, do not contain the same quantity of 
caloric. 

CAROLINE. 

How could that be ascertained ? For you told 
us that it is impossible to discover the absolute 
quantity of caloric which bodies contain ? 
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MRS. B. 

True ; but at the same time I said that we were 
enabled to form a judgment of the proportions 
which bodies bore to each other in this respect. 
Thus it is found, that in order to raise the tempe- 
rature of different bodies the same number of de- 
greeS) different quantities of caloric are required 
for each of them. If;, for instance, you place a 
pound of lead, a pound of chalk, and a pound of 
milk in a hot oven, they will be gradually heated 
to the temperature of the oven ; but the lead will 
attain it first, the chalk next, and the milk last. 

CAROLINE. 

That is a natural consequence of their different 
bulks ; the lead, being the smallest body, will be 
heated soonest, and the milk, which is the largest, 
will require the longest time. 

MRS* B. 

That explanation will not do ; for if the lead be 
the least in bulk, it offers also the least surface to 
the caloric ; the quantity of heat, therefore, which 
can enter into it in the same space of time, is pro- 
portionally smaller. 

EMILY. 

Why, then, do not the three bodies attain the 
temperature of the oven at the same time ? 

MRS. B. 

It is supposed to be on account of the different 
capacity of these bodies for caloric. 

I 4 
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CAROLINE. 

. What do you mean by the capacity of a body 
for caloric ? 

MRS.B. 

I mean a certain disposition of bodies to require 
more or less caloric for raising their temperature 
to any degree of heat. Perhaps the fact may be 
thus explained : — 

Let us put as many marbles into this glass as 
it will contain, and pour some sand over them — 
observe how the sand penetrates and lodges be- 
tween them. We shall now fill another glass with 
pebbles of various forms — you see that they ar- 
range themselves in a more compact manner than 
the marbles, which, being globular, can touch each 
other by a single point only. The pebbles, there- 
fore, will not admit so much sand between them ; 
and consequently one of these glasses will neces- 
sarily contain more sand than the other, though 
both of them be equally full. 

CAROLINE. 

This I understand perfectly. The marbles and 
the pebbles represent two bodies of different kinds, 
and the sand the caloric contained in them ; and 
it appears very plain, from this comparison, that 
one body may admit of more caloric between its 
particles than another. 

MRS. B. 

You can no longer be surprised, therefore, that 
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bodies of a different capacity for caloric should 
require different proportions of that fluid to raise 
their temperatures equally. 

EMILY. 

But I do not conceive why the body which con- 
tains the most caloric should not be of the highest 
temperature ; that is to say, feel hot in proportion 
to the quantity of caloric it contains. 

MRS. B. 

The caloric that is employed in filling the capa- 
city of a body is not free caloric, but is imprisoned 
as it were in the body, and is therefore impercepti- 
ble; for we can feel only the caloric which the 
body parts with, and not that which it retains. 

CAROLINE. 

It appears to me very extraordinary that heat 
should be conOned in a body in such a manner as 
to be imperceptible. 

MRS. B. 

If you lay your hand on a hot body, you feel 
only the caloric which leaves it and enters your 
hand; for it is impossible that you should be 
sensible of that which remains in the body. The 
thermometer, in the same manner, is affected only 
by the free caloric which a body transmits to it, 
and not at all by that which it does not part 
with. 

CAROLINE. 

I begin to understand it ; but I confess that the 
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idea of insensible heat is so new and strange to me, 
that it requires some time to render it familiar. 

MBS. B. 
Call it insensible caloric, and the diflSculty will 
appear much less formidable. It is indeed a sort 
of contradiction to call it heat, when it is so situ- 
ated as to be incapable of producing that sensa- 
tion. Yet this modification of caloric is comm only- 
called SPECIFIC HEAT. 

CAROLINE. 

It certainly would be more correct to call it 
specific caloric. But I do not understand how the 
term specific applies to this modification of caloric ? 

MRS. B. 

It expresses the relative quantity of caloric 
which different species of bodies of the same weight 
and temperature are capable of containing. This 
modification is also frequently called heat of capa- 
city^ a term perhaps preferable, as it explains bet- 
ter its own meaning. 

You now understand, I suppose, why the milk 
and chalk required a longer portion of time than 
the lead to raise their temperature to that of the 
oven? 

EMILY. 

Yes : the milk and chalk having a greater ca- 
pacity for caloric than the lead, a greater pro- 
portion of that fluid became insensible in those 
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bodies; and the more slowly, therefore, their 
temperature was raised. 

CAROLINE. 

But might not this difference proceed from the 
different conducting powers of heat in these three 
bodies, since that which is the best conductor 
must necessarily attain the temperature of the 
oven first ? 

MRS. B. 

Very well observed, Caroline. This objection 
would be insurmountable, if we could not, by re- 
versing the experiment, prove that the milk, the 
chalk, and the lead actually absorbed different 
quantities of caloric; and we know that if the 
different time they took in heating proceeded 
merely from the diversity of their conducting 
powers, they would each have acquired an equal 
quantity of caloric. 

CAROLINE. 

Certainly. But how can you reverse this ex- 
periment ? 

MRS. B. 

It may be done by cooling the several bodies to 
the same degree, in an apparatus adapted to re- 
ceive and measure the caloric which they gave 
out. Thus, if you plunge them into three equal 
quantities of water, each at the same temperature, 
you will be able to judge of the relative quantity 
of caloric which the three bodies contained, by 
that which, in cooling, they communicated to their 
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respective portions of water : for the same quan- 
tity of caloric which they each absorbed to raise 
their temperature, will abandon them in lowering 
it ; and, on examining the three vessels of water, 
you will find the one in which you immersed the 
lead to be the least heated ; that which held the 
chalk will be the next ; and that which contained 
the milk will be heated the most of all. The 
celebrated Lavoisier has invented a machine to 
estimate, upon this principle, the specific heat of 
bodies in a more perfect manner ; but I cannot 
explain it to you, till you are acquainted with the 
next modification of caloric. 

EMILY. 

The more dense a body is, I suppose the less is 
its capacity for caloric. 

MKS. B. 
That is not always the case with bodies of a 
different nature : iron, for instance, contains more 
specific heat than tin, though it is more dense. 
This seems to show that specific heat does not 
merely depend upon the interstices between the 
particles ; but, probably, also upon some peculiar 
constitution of the bodies, which we do not com- 
prehend. 

EMILY. 

But, Mrs. B., it would appear to me more 
proper to compare bodies by measure^ rather than 
by weifflU, in order to estimate their specific heat. 
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Why, for instance, should we not compare pints 
of milk, of chalk, and of lead, rather than pounds 
of those substances; for equal weights may be 
composed of very different quantities ? 

MRS. B. 

You are mistaken, my dear : equal weight must 
contain equal quantities of matter ; and when we 
wish to know what is the relative quantity of 
caloric which substances of various kinds are ca- 
pable of containing under the same temperature, 
we must compare equal weights, and not equal 
bulks, of those substances. Bodies of the same 
weight may undoubtedly be of very different di- 
mensions; but that does not change their real 
quantity of matter. A pound of feathers does not 
contain one atom more than a pound of lead. 

CAROLINE. 

I have another difficulty to propose. It appears 
to me, that if the temperature of the three bodies 
in the oven did not rise equally, they would never 
reach the same degree ; the lead would always 
keep its advantage over the chalk and milk, and 
would perhaps be boiling before the others had 
attained the temperature of the oven. I think you 
might as well say, that in the course of time you 
and I shall be of the same age. 

MRS. B. 

Your comparison is not correct, Caroline. As 
soon as the lead reached the temperature of the 
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oven, it would remain stationary ; for it would then 
give out as much heat as it would receive. You 
should recollect that the exchange of radiating 
heat, between two bodies of equal temperature, 
is equal: it would be impossible, therefore, for 
the lead to accumulate heat after having attained 
the temperature of the oven ; and that of the chalk 
and milk, therefore, would ultimately arrive at the 
same standard. Now I fear that this will not hold 
good with respect to our ages, and that as long as 
1 live I shall never cease to keep my advantage 
over you. 

EMILY. 

I think that I have found a comparison for 
specific heat, which is very applicable. Suppose 
that two men, of equal weight and bulk, but who 
required different quantities of food to satisfy their 
appetites, sit down to dinner, both equally hungry, 
the one would consume a much greater quantity of 
provisions than the other, in order to be equally 
satisfied. 

MRS. B. 

Yes, that is very fair ; for the quantity of food 
necessary to satisfy their respective appetites varies 
in the same manner as the quantity of caloric re- 
quisite to raise equally the temperature of different 
bodies. 

EMILY. 

The thermometer, then, affords no indication of 
the specific heat of bodies. 
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MBS. B. 

None whatever ; no more than satiety is a test 
of the quantity of food eaten. The thermometer, 
as I have repeatedly said, can be affected only by 
free caloric, which alone raises the temperature of 
bodies. 

But there is another mode of proving the ex- 
istence of specific heat, which affords a very satis- 
&ctory illustration of that modification. This 
1 did not enlarge upon before, as I thought it 
might appear to you rather complicated. — If you 
mix two fluids of different temperatures, let us 
say the one at 50 degrees, and the other at 100 
degrees, at what temperature do you suppose the 
mixture will be ? 

CAROLINE. 

It will be, no doubt, the medium between the 
two, that is to say, 75 degrees. 

MRS. B. 

That will be the case if the two bodies happen 
to have the same capacity for caloric ; but if not, 
a different result will be obtained. Thus, for 
instance, if you mix together a pound of water, 
heated to 50 degrees, and a pound of mercury 
heated to 100 degrees, the temperature of the 
mixture, instead of being 75 degrees, will be about 
52 degrees ; so that the water will have gained 
only 2 degrees, whilst the mercury will have lost 
48 degrees ; from which you will conclude that the 
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capacity of mercury for heat is less than that of 
water, in the proportion of 2 to 48, or 1 to 24. 

CAROLINE. 

I wonder that mercury should have so little 
specific heat ; for we found it a much better con- 
ductor of heat than water ? 

MRS. B. 

And it is precisely on that account that its spe- 
cific heat is less. For since the conductive power 
of bodies depends, as we have observed before, on 
their readiness to receive heat and part with it, it 
is natural to expect that those bodies, which are the 
worst conductors, should absorb the most caloric 
before they are disposed to part with it to other 
bodies. Kow let us proceed to latent heat. 

CAROLINE. 

And pray what kind of heat is that ? 

MRS. B. 

It is another modification of combined caloric, 
which is so analogous to specific heat, that some 
chemists make no distinction between them. We 
call latent heat that portion of insensible caloric 
which is employed in changing the state of bodies; 
that is to say, in converting solids into liquids, or 
liquids into vapour. When a body changes its 
state from solid to liquid, or from liquid to vapour, 
its expansion occasions a sudden and considerable 
increase of capacity for heat, in consequence of 
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which^ It immecUately absorbs a quantity of caloric 
which becomes fixed In the body it has trans- 
formed ; and as it is perfectly concealed from our 
senses^ it has obtained the name of latent heat. 

CABOLINE. 

I think It would be much more correct to call 
this modification latent caloric instead of latent 
heat^ since It does not excite the sensation of heat. 

MBS. B. 

This modification of heat was discovered and 
named by Dr. Black long before the French che- 
mists Introduced the term caloric. But you are 
not to suppose that the nature of heat is altered 
by being variously modified: for if latent and 
specific heat do not excite the same sensations as 
free caloric, it is merely owing to their being in a 
state of confinement, which prevents them from 
acting upon our organs; and, consequently, as 
soon as they are extricated from the body in 
which they are Imprisoned, they return to their 
state of free caloric. 

EMILY. 

But I do not yet clearly see in what respect 
latent heat differs from specific heat, for they are 
both of them imprisoned and concealed In bodies. 

MRS. B. 

Specific heat Is that which is employed In filling 
the capacity of a body for caloric, in the state in 
which this body actually exists: while latent heat Is 
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that which is employed only In effecting a change 
of state, that is, in converting bodies from a solid 
to a liquid, or from a liquid to an aeriform state. 

I shall now show you an experiment, which I 
hope will give you a clear idea of what is under- 
stood by latent heat. 

The snow which you see in this phial has been 
cooled by certain chemical means (which I can- 
not well explain to you at present) to five or six 
degrees below the freezing point, as you will find 
indicated by the thermometer which is placed in 
it. We shall expose it to the heat of a lamp, and 
you will see the thermometer gradually rise till it 
reaches the freezing point 

EMILY. 

It does, — but here it stops, Mrs. B., and yet 
the lamp burns just as well as before. Why is 
not its heat communicated to the thermometer ? 

CABOLINE. 

And the snow begins to melt; therefore it 
must be rising above the freezing point. 

MRS. B. 

The heat no longer affects the thermometer, be- 
cause it is wholly employed in converting the ice 
into water. As the ice melts, the caloric becomes 
latent in the new-formed liquid, and, therefore, 
cannot raise its temperature ; and the thermometer 
will consequently remain stationary till the whole 
of the ice be melted. 
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CAROLINE. 

Now It is all melted^ and the thermometer 
begins to rise again. 

MRS. B. 

Because, the conversion of the ice into water 
being completed, the caloric no longer becomes 
latent; and therefore the heat which the water 
now receives raises its temperature, as you find 
the thermometer indicates. 

EMILY. 

But I do not think that the thermometer rises 
so quickly in the water as it did in the ice, pre- 
vious to its beginning to melt, though the lamp 
bums equally well ? * 

MRS. B. 

That is owing to the different specific heat of ice 
and water. The capacity of water for caloric being 
greater than that of ice, more heat is required to 
raise its temperature, and therefore the thermome- 
ter rises slower in the water than it did in the ice. 

EMILY. 

True: you said that a solid body always in- 
creased its capacity for heat by becoming fluid ; 
and this is an instance of it. 

MRS. B. 

Yes ; and the latent heat is that which is ab- 
sorbed, in consequence of the greater capacity 
which the water has for heat, in comparison to ice. 

K 2 
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But we must attend to our experiment The 
water begins to boil, and the thermometer is 
again stationary. It is now your tum^ Caroline, 
to explain the phenomena. 

CAROLINE. 

It is wonderfully curious ! The caloric is now 
busy in chan^ng the water into steam, in which it 
hides itself, and becomes insensible to the touch. 
This is another example of latent heat producing 
a change of form. At first it converted a solid 
body into a liquid, and now it turns the liquid 
into vapour. 

MRS. B. 

You see, my dear, how easily you have become 
acquainted with these modifications of insensible 
heat, which at first appeared so unintelligible. If, 
now, we were to reverse these changes, and con- 
dense the vapour into water, and the water into 
ice, the latent heat would re-appear entirely in 
the form of free caloric. 

EMILY. 

Pray do let us see the effect of latent heat re- 
turning to its free state. 

MRS. B. 

For this purpose we need simply conduct the 
vapour through a tube into a vessel of cold water, 
where it will part with its latent heat and return 
to its liquid form. 
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EMILY. 

How rapidly the steam heats the water! 

MRS* B« 

That is because It does not merely Impart its free 
caloric to the water^ but likewise its latent heat. 
This method of heating liquids has been turned 
to advantage in several economical establishments. 
Steam-kitchens are constructed upon the same 
principle ; the steam being conveyed through a 
pipe into the several vessels which contain the 
provisions to be dressed, where it communicates 
to them its latent caloric, and returns to the state 
of water. Count Rumford made great use of this 
principle in many of his fire-places : his grand 
maxim was to avoid all unnecessary waste of ca- 
loric, for which purpose he confined the heat in 
such a manner that not a particle of it could un- 
necessarily escape ; and while he economised the 
free caloric, he took care also to turn the latent 
heat to advantage. It is thus that he was enabled 
to produce a degree of heat superior to that which 
Is obtained in common fire-places, though he em- 
ployed less fuel. 

EMILY. 

When the advantages of such contrivances are 
so clear and plain, I cannot understand why they 
are not universally used. 

MRS. B. 

A long time is always required before innova- 
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tions^ however usefiil, can be reconciled with the 
prejudices of the vulgar. 

EMILY. 

What a pity it is that there should be a preju- 
dice against new inventions : how much more 
rapidly the world wonld improve, if such use- 
ful discoveries were immediately and universally 
adopted I 

MBS. B. 

Among the variety of novelties attempted to be 
introduced, I believe, my dear, that there are as 
many, the adoption of which would be prejudicial 
to society, as there are of those which would be 
beneficial to it. The well-informed, though by no 
means exempt from error, have an unquestionable 
advantage over the ignorant, in judging what is 
likely or not to prove serviceable ; and therefore 
we find the former more ready to adopt such dis- 
coveries as promise to be really advantageous, than 
the latter, who, having no other test of the value of 
a novelty but time and experience, at first oppose 
its introduction. The well-informed, however, are 
frequently disappointed in their most sanguine 
expectations, and the prejudices of the vulgar, 
though they often retard the progress of know- 
ledge, yet sometimes prevent the propagation of 
error. 

The most important use to which we apply 
steam is the steam-engine : its prodigious advan- 
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tage in the arts renders it an object of such uni- 
versal interest, that I think it will be worth your 
while to bestow a little attention upon it ; but as 
it would interrupt our present subject, we will 
defer it till we have concluded the history of 
caloric. To return, therefore, to latent heat ; we 
have converted steam into water, and are now to 
change water into ice, in order to render the 
latent heat sensible, as it escapes from the water 
on its becoming solid. For this purpose we must 
produce a degree of cold which will make water 
freeze. 

CAROLINE. 

That must be very difficult to accomplish in 
this warm room. 

MKS. B. 

Not so difficult as you think. There are certain 
chemical mixtures which produce a rapid change 
from the solid to the fluid state, or the reverse, in 
the substances combined, in consequence of which 
change latent heat is either extricated or absorbed. 

EMILY. 

I do not quite understand you. 

MRS. B. 

This snow and salt, which you see me mix to- 
gether, are melting rapidly ; heat, therefore, must 
be absorbed by the mixture, and cold produced. 
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CAROLINE. 

It feels even colder than Ice, and yet the snow 
is melted. This is very extraordinary. 

JklBSa B. 

The cause of the intense cold of the mixture is 
to be attributed to the change of a solid to a fluid 
state. The union of the snow and salt produces a 
new arrangement of their particles, in consequence 
of which they become liquid ; and the quantity of 
caloric, required to effect this change, is seized 
upon by the mixture wherever it can be obtained. 
The eagerness of the mixture for caloric, during 
its liquefaction, is such, that it converts part of its 
own free caloric into latent heat, and it is thus that 
its temperature is lowered. 

EMILY. 

Whatever you put in this mixture, therefore, 
would freeze ? 

MRS. B. 

Yes : at least any fluid that is susceptible of 
freezing at that temperature. I have prepared 
this mixture of salt and snow for the purpose of 
freezing the water from which you are desirous 
of seeing the latent heat escape. I have put a 
thermometer in the glass of water that is to be 
frozen, in order that you may see how it cools. 

CAROLINE. 

The thermometer descends, but the heat which 
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the water is now losing is its frecy not its latent^ 
heat. 

MBS* B« 

Certainly : it does not part with its latent heat 
till it changes its state and is converted into ice. 

EMILY. 

But how IS this, Mrs. B. ? The thermometer 
has £dlen below the freezing pointy and yet the 
water is not frozen ^ 

MBS. B. 

That is often the case previous to the freezing 
of water when it is in a state of complete rest. Now 
it begins to congeal^ and you may observe that the 
thermometer again rises to the freezing point. 

CABOLINE. 

It appears to me very strange that the thermo- 
meter should rise the very moment that the water 
freezes ; for it seems to imply that the water was 
colder before it froze than when in the act of 
freezing. 

MBS. B. 

It is SO ; and after our long dissertation on this 
circumstance I did not think it would appear so 
surprising to you. Beflect a little, and I think 
you will discover the reason of it. 

CABOLINE. 

It must be, no doubt, the extrication of latent 
heat, at the instant the water freezes, which raises 
the temperature. 
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MRS. B. 

Certainly : and if you now examine the thermo- 
meter^ you will find that its rise was but tem- 
porary, and lasted only during the disengagement 
of the latent heat. Now that all the water is 
frozen it falls again, and will continue to fall till 
the ice and mixture are of an equal temperature. 

EMILY. 

And can you show us any experiments in which 
liquids, by being mixed, become solid, and disen- 
gage latent heat ? 

MRS. B. 

Yes, several : but you are not yet sufficiently 
advanced to understand them well. I shall, how- 
ever, show you one, which affords a striking in- 
stance of the fact. The fluid which you see in 
this phial consists of a quantity of a certain salt 
called muriate of limey dissolved in water. Now, 
if I pour into it a few drops of this other fluid, 
called sulphuric addy the whole, or very nearly 
the whole, will be instantaneously converted into 
a solid mass. 

EMILY. 

How white it turns ! I feel the latent heat 
escaping ; for the bottle is warm, and the fluid is 
changed to a solid white substance like chalk I 

CAROLINE. 

You mean, Emily, that you feel the free caloric, 
which was latent in the mixture ; for you know 
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that you cannot feel it in a latent state. But 
pray what is that white vapour which ascends ? 

MRS. B. 

You are not yet enough of a chemist to under- 
stand that. — But take care^ Caroline ; do not ap- 
proach too near it^ for it has a very pungent smell. 

I shall show you another instance similar to 
that of the water, which you observed to become 
warmer as it froze. I have in this phial a solution 
of a salt called sulphate of soda or Glauber's salt, 
made very strong, and corked up when it was hot, 
and kept without agitation till it became cold. 
Now, when I take out the cork and let the air fall 
upon it, (for, being closed while boiling, there was 
a vacuum in the upper part,) observe that the salt 
will suddenly crystallise. 

CAROLINE. 

Surprising I how beautifully the needles of salt 
have shot through the whole phial I 

MRS. B. 

Yes, it is very remarkable ; — but pray do not 
forget the object of the experiment. Feel how 
warm the phial has become by the conversion of 
part of the liquid into a solid. 

EMILY. 

Quite warm, indeed I This is a most curious 
instance of the disengagement of latent heat. 

MRS. B. 

The slaking of lime is another remarkable ex- 
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ample of the extrication of latent heat. Have you 
never observed how quicklime smokes when water 
is poured upon it, and how much heat it produces ? 

CAROLINE. 

Yes ; but I do not understand what change of 
state takes place in the lime that occasions its 
giving out latent heat ; for the quicklime, which 
is solid, is (if 1 recollect right) reduced to powder 
by this operation, and is, therefore, rather ex- 
panded than condensed. 

MBS. B. 

It is from the water, not the lime, that the latent 
heat is set free. The water incorporates with, and 
becomes solid in, the lime ; in consequence of 
which the heat, which kept it in a liquid state, is 
disengaged, and escapes in a sensible form. 

CAROLINE. 

I always thought that the heat originated in the 
lime. It seems very strange that water, and cold 
water too, should contain so much heat. 

EMILY. 

The water, then, must exist in a state of ice in 
the lime, since it parts with the heat which kept 
it liquid. 

MRS. B. 

It cannot properly be called ice, since ice im- 
plies a degree of cold, at least equal to the freez- 
ing point. Yet, as water, in combining with lime. 
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gives out more heat than in freezings it must be 
in a state of still greater solidity in the lime than 
it is in the form of ice ; and you may have ob- 
served that it does not moisten or liquefy the lime 
in the smallest degree. 

EMILY. 

But^ Mrs. B.^ the smoke that rises is white : if 
it were only pure caloric which escaped^ we might 
feel^ but could not see it. 

MBS. B. 

This white vapour is formed by some of the 
particles of lime^ in a state of fine dust^ which are 
carried off by the caloric. 

EMILY. 

In all changes of state, then, a body either 
absorbs or disengages latent heat ? 

MRS. B. 
You cannot exactly say absorbs latent heat, as 
the heat becomes latent only on being confined in 
the body ; but you may say, generally, that bodies, 
in passing from a solid to a liquid form, or from 
the liquid state to that of vapour, absorb heat; 
and that when the reverse takes place, heat is dis* 
engaged. You will however perceive, as we pro- 
ceed, that this general rule is liable to many 
exceptions arising from chemical action. In the 
explosion of gunpowder, for instance, several solid 
substances suddenly assume a gaseous form, and 
nevertheless considerable heat is disengaged. 
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EMILY. 

"We can now, I think, account for the experi- 
ment you showed us of the ether boiling, and the 
water freezing in vacuo, at the same temperature. 

MRS. B. 

Let me hear how you explain it. 

EMILY. 

The latent heat, which the water gave out In 
freezing, was immediately absorbed by the ether, 
during its conversion into vapour ; and, therefore, 
from a latent state in one liquid, it passed into a 
latent state in the other. 

MBS. B. 

But this only partly accounts for the result of the 
experiment : it remains to be explained why the 
temperature of the ether, while in a state of ebulli- 
tion, is brought down to the freezing temperature 
of the water. — It is because the ether, during its 
evaporation, reduces its own temperature, in the 
same proportion as that of the water, by convert- 
ing its free caloric into latent heat ; so that, though 
one liquid boils, and the other freezes, their tem- 
peratures remain in equilibrium. 

EMILY. 

But why does not water, as well as ether, re- 
duce its own temperature by evaporating ? 

MBS. B. 

It does, though much less rapidly than ether. 
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Thus, for instance^ you may often have observed, 
in the heat of summer, how much any particular 
spot may be cooled by watering, though the water 
used for that purpose be as warm as the air itself. 
Indeed, so much cold may be produced by the 
mere evaporation of water, that the inhabitants of 
India avail themselves of this mode of procuring 
ice. During the cool of the night, and in situ- 
ations most exposed to the night-breeze, they suc- 
ceed in causing water to freeze, though the tem- 
perature of the air be as high as 60 degrees. 
The water is put into shallow earthen trays, so as 
to expose an extensive surface to the process of 
evaporation, and in the morning it is found co- 
vered with a thin cake of ice, which is collected 
In sufficient quantity to be used for purposes of 
luxury. 

EMILY. 

Does not the radiation of heat, which during the 
night takes place from the water, tend to increase 
the cold produced by its evaporation ? 

MRS. B. 

I have no doubt that it does, particularly if the 
sky be perfectly clear, as is generally the case in 
those tropical climates. 

CAROLINE. 

How delicious It must be to drink Iced water In 
so hot a climate I But, Mrs. B., could we not try 
that experiment ? 
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MBS. B. 

If we were in the country, I have no doubt but 
that we should be able to freeze water, by the 
same means, and under similar circamstances : but 
we can do it immediately, upon a small scale, even 
in this room, in which the thermometer stands at 
70 degrees. We have only to place some water 
in a little cup under the receiver of the air-pump 
(Plate V. fig. 1.), and exhaust the air from it. 
What will be the consequence, Caroline ? 

CABOLINE. 

Of course the water will evaporate more quickly 
when there is no longer any atmospheric pressure 
on its surface : but will this be sufficient to make 
the water freeze ? 

MBS. B. 

Probably not, because the vapour will not be 
carried off fast enough ; but this will be accom- 
plished without difficulty if we introduce into the 
receiver (fig. 1.), in a saucer, or any other large 
shallow vessel, some strong sulphuric acid, a sub- 
stance which has a great attraction for water, whe- 
ther in the form of vapour or that of liquid. This 
attraction is such, that the acid will instantly absorb 
the moisture as it rises from the water, so as to 
make room for the formation of fresh vapour ; this 
will of course hasten the process, and the cold pro- 
duced from the rapid evaporation of the water 
willj in a few minutes, be sufficient to freeze its 
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surface. We shall now exhaust the air from the 
receiver. 

EMILY. 

Thousands of small bubbles already arise 
through the water from the internal surface of 
the cup : what is the reason of this ? 

MBS. B. 

These are bubbles of air which were partly at- 
tached to the vessel, and partly diffused in the water 
itself; and they expand and rise in consequence 
of the atmospheric pressure being removed. 

CABOLINE. 

See, Mrs. B, ; the thermometer in the cup is 
sinking fast ; it has already descended to 40 de- 
grees 1 

EMILY. 

The water seems now and then violently agi- 
tated on the surface, as if it were boiling; and yet 
the thermometer is descending fast ! 

MBS. B. 

You may call it boiling^ if you please, for this 
appearance is, as well as boiling, owing to the 
rapid formation of vapour; and it takes place from 
the surface, for it is only when heat is applied to 
the bottom of the vessel that the vapour is formed 
there. — Now crystals of ice are actually shooting 
all over the surface of the water. 
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146 COMBINED CALORIC. 

CAROLINE. 

How beautiful it is 1 The surface is now en- 
tirely frozen, — but the thermometer remains at 
32 degrees. 

MRS. B. 

And so it will, conformably with the doctrine 
of latent heat, until the whole of the water be 
frozen ; but it will then again begin to descend 
lower and lower, in consequence of the evapor- 
ation which goes on from the surface of the ice. 
The above experiment was first devised by Pro- 
fessor Leslie, of Edinburgh. 

EMILY. 

It is indeed a most interesting one; but it 
would be still more striking if no sulphuric acid 
were required. 

MRS. B. 

I will show you a freezing instrument, contrived 
by Dr. WoUaston, upon the same principle as 
Mr. Leslie's experiment, by which water may be 
frozen merely by its own evaporation, without the 
assistance of sulphuric acid. 

This tube, you see (Plate V. fig. 2.), is ter- 
minated at each extremity by a bulb, both of which 
are internally exhausted of air, but one of them 
is half full of water, which is consequently always 
much disposed to evaporate. This evaporation, 
however, Tdoes not proceed sufficiently fast to freeze 
the water i unless the empty bulb be cooled by 
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some artificial means^ so as to condense quickly 
the vapour which rises from the water : the process 
is thus so much promoted as to cause the water to 
freeze in the other bulb. Dr. Wollaston has called 
this instrument Cryophorus. 

CAROLINE. 

So that cold here perfonns the same part which 
the sulphuric acid did in Mr. Leslie's experiment ? 

MRS. B. 

Exactly so ; but let us try the experiment. 

EMILY. 

How will you cool the instrument ? You have 
neither ice nor snow. 

MRS. B. 

True ; but we have other means of effecting 
this.* You recollect what intense cold can be 
produced by the evaporation of ether in an ex- 
hausted receiver. We shall enclose the bulb in 
this little bag of fine flannel (Plate V. fig. 3.), then 
soak it in ether, and introduce it into the receiver 
of the air-pump. (Fig. 5.) For this purpose we 
shall find it more convenient to use a cryophorus 
of this shape (fig. 4.), as its elongated bulb passes 
easily through a brass plate which closes the top 
of the receiver. If we now exhaust the receiver 

* This mode of making the experiment was proposed, and 
the particulars detailed, by Dr. Marcet, in the 34th voL of 
Nicholsons Journal, p. 119. 
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quickly, you will see, in less than a minute, the 
water freeze in the other bulb, out of the receiver. 

EMILY. 

The bulb already looks quite dim; small drops 
of water are condensing on its surface, and now 
crystals of ice shoot all over the water. This 
is, indeed, a very curious experiment 1 

MRS. B. 

By a similar method, even quicksilver may be 
frozen. — But we cannot at present indulge in 
any further digression. 

Having advanced so far on the subject of heat, 
I may now give you an account of the calorimeter, 
an instrument invented by Lavoisier, upon the 
principles just explained, for the purpose of esti- 
mating the specific heat of bodies. It consists of a 
vessel, the inner surface of which is lined with ice, 
so as to form a sort of hollow globe of ice, in the 
midst of which the body, whose specific heat is to 
be ascertained, is placed. The ice absorbs caloric 
from this body, till it has brought it down to the 
freezing point ; this caloric converts into water a 
certain portion of the ice which runs out through 
an aperture at the bottom of the machine; and 
the quantity of ice changed to water is a test of 
the quantity of caloric which the body has given 
out in descending from a certain temperature to 
the freezing pomt 
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CAROLINE. 

In this apparatus^ I suppose^ the milk^ chalk, 
and lead would melt different quantities of ice, 
in proportion to their different capacities for ca- 
loric ? 

MRS. B. 

Certainly ; and thence we are able to ascertain, 
with precision, their respective capacities for heat. 
But the calorimeter affords us no more idea of the 
absolute quantity of heat contained in a body, than 
the thermometer does : for though by means of it 
we extricate both the free and combined caloric, 
yet we extricate them only to a certain degree, 
which is the freezing point : and we know not how 
much they contain of either below that point. 

EMILY. 

According to the theory of latent heat, it ap- 
pears to me that the weather should be warm 
when it freezes, and cold in a thaw : for latent 
heat is liberated from every substance that freezes, 
and such a large supply of caloric must warm the 
atmosphere ; whilst, during a thaw, that very 
quantity of free heat must be taken from the 
atmosphere in order to melt the ice, and return to 
a latent state in the bodies which it thaws. 

MRS. B. 

Your observation is very natural ; but consider 
that in a frost the atmosphere is so much colder 
than the earth, that all the caloric which it takes 
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from the freezing bodies is insufficient to raise its 
temperature above the freezing point : otherwise 
the frost must cease. Yet if the quantity of latent 
heat extricated does not destroy the frost, it serves 
to moderate the suddenness of the change of tem- 
perature of the atmosphere, at the commencement 
both of frost and of a thaw. In the first instance, 
its extrication diminishes the severity of the cold, 
and, in the latter, its absorption moderates the 
warmth occasioned by a thaw : it even sometimes 
produces a discernible chill, at the breaking up of 
a frost. 

CAROLINE. 

But what are the general causes that produce 
those sudden changes in the weather, especially 
from hot to cold, which we often experience ? 

MRS. B. 

This question would lead us into meteorological 
discussions, to which I am by no means compe- 
tent. One circumstance, however, we can easily 
understand. When the air has passed over cold 
countries, it will probably arrive here at a tem- 
perature much below our own ; and then it must 
absorb heat from every object it meets with, which 
"will produce a general fall of temperature. 

I think I have now concluded all the observa- 
tions I have to make to you on heat. 

EMILY. 

But, Mrs. B,, you do not, I hope, forget your 
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promise of giving us an explanation of the Steam- 
Engine ? 

No ; but it would be too great an undertaking 
for this morning. I would rather that you should 
come fresh to the subject, in order to be able to 
give it your unwearied attention ; we will, there- 
fore, reserve it for our next interview. 
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CONVERSATION V. 

ON THE STEAM-ENGINE. 



MHS. B. 

I HAVE promised, this morning, to give you some 
account of the steam-engine. Since its original 
invention, about the middle of the 17th century, 
it has, by a long series of improvements, attained 
such a degree of perfection that it now not only 
works our manufactures, but is applied to their 
conveyance both by land and water. Steam-boats, 
you know, are in general use throughout the 
civilised world; and locomotive steam-engines 
have not only long been employed on railways in 
various parts of England, but are now very com- 
monly adopted on the Continent, for the convey- 
ance both of goods and passengers. 

CABOLINE. 

After having both seen and heard so much of 
steam-engines as we have done of late years, I am 
almost ashamed to confess how ignorant I am of 
the principles on which they act ; but the machi- 
nery is so complicated, there are so many pipes, 
and valves, and boilers, and coolers, and I know 
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not what^ that really one's head grows quite con- 
fused, and can understand nothing. 

MRS. B. 

Here is a little apparatus of no very complicated 
construction ; but^ simple as it is, I think it will 
assist me in explaining to you the principle on 
which the steam-engine acts. (Plate VL fig. 1.) 
It consists, you see, of a glass cylinder, termi- 
nating in a bulb or ball, and a piston, which is 
fitted to the cylinder, and can slide up and down 
within it. We shall pour a little water into the 
bulb, push down the piston to the bottom of the 
cylinder, and make the water boil by placing it 
over this lamp : what will happen then ? 

EMILY. 

The steam rising from the water will force up 
the piston by its expansion — just so — as the 
steam is formed the piston rises. 

CAROLINE. 

Oh ! now I understand it ; if this were a large 
iron cylinder instead of a small glass one, and had 
a great beam attached to it to act as a lever, as I 
have seen in real steam-engines, — if the bulb 
was a spacious boiler, and the lamp a furnace, we 
should be enabled by it to raise a great weight. 

MRS. B. 

The force of steam, when once obtained, may 
be applied to an immense number of purposes ; it 
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may be made to push, to pull, to lift, to strike, in 
a word, to put in motion any of the mechanical 
powers. But as yet we have only raised the 
piston; we must get it down again in order to 
repeat the stroke and continue the action. 

CAROLINE. 

Why does it not fall by its own weight ? 

MBS. B. 

Because it is supported by the steam in the 
tubes ; but as soon as I take this glass vessel from 
the lamp, the steam returns to the state of water, 
a vacuum is formed by its condensation, and the 
piston falls by the weight of the atmosphere, 
which, you may recollect, presses with a weight 
of 15 lbs. on every square inch of the surface of 
the piston.* 

CABOLINE. 

This little cylinder is easily removed from the 
lamp, but we cannot take a boiler from the fur- 
nace and replace it again at every stroke of the 
piston. 

MBS. B. 

We must, therefore, find some other mode of 
condensing the steam, without which the weight 
of the atmosphere will not make the piston de- 
scend. This was at first accomplished by inject- 
ing cold water into the cylinder. 

* See Conversations on Natural Philosophy, p. 284. 
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EMILY. 

The steam would naturally give out its latent 
heat to the cold water, and this powerful elastic 
fluid would be converted into an inert liquid. 

MBS. B. 

This is a conclusion which, in the present state 
of science, it is very easy to draw ; but in the 17th 
century the properties of heat and of steam were 
equally involved in obscurity. When the Marquis 
of Worcester first attempted the construction of a 
steam-engine, it appears probable that he injected 
cold water simply with a view of replenishing the 
boiler, and that he was not aware that it caused 
the condensation of the steam, or that this con- 
densation was necessary in order to make the pis- 
ton descend. The Marquis is, however, generally 
considered as the original inventor of the steam- 
engine ; but it was Savary and Newcomens who 
improved upon his ideas, and first produced this 
machine suflSciently well constructed to be brought 
into common use. Plate VL fig. 2. represents an 
engine thus improved and applied to the purpose 
of raising water from a well. 

The steam issuing from the boiler B raises the 
piston P in the cylinder, and consequently, that 
end of the lever L to which it is attached by the 
rod R. One end of the lever-beam being thus 
elevated, the other necessarily descends, and forces 
down the rod r and the piston p, in the well W. 
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CAROLINE. ^ 

Now we have the great piston P at the top of 
the cylinder^ and the little piston p at the bottom 
of the well ; but in order to bring up the water 
we must reverse the action of the lever: how is 
that to be done ? 

MBS. B. 

As soon as the piston F reaches the upper part 
of the cylinder, the cock or valve V closes, ex- 
cluding the further entrance of steam; at the 
same time the valve Q opens, admitting a jet of 
cold water from the reservoir R. This condenses 
the steam which filled the cylinder, and forms a 
vacuum ; the piston, no longer supported beneath, 
is forced down by the pressure of the atmosphere ; 
while the piston p rises, lifting up the water which 
flows out at m. 

CABOLINE. 

The water is raised by the piston p, on the 
principle of the lifting pump, which I recollect 
your explaining to us.* Then, when the piston 
P returns to the bottom of the cylinder the valve 
Q closes to exclude the cold water, while the valve 
V opens to admit the steam : there could not be a 
more clever contrivance. 

EMILY. 

Yet it seems to me to be a pity to destroy the 
* See Conversations on Katural Philosophy, p. 292. 
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steam at every stroke of the piston : what an eco- 
nomy of fuel would be obtained if it were possible 
to preserve the steam and make it act again I 

MRS. B. 

Xor is this the only objection to the introduction 
of cold water into the cylinder ; it is attended also 
with the inconvenience of cooling the cylinder, so 
as to require a considerable additional quantity of 
steam to restore its temperature before the piston 
can be made to rise ; yet, even under these dis- 
advantages, the steam-engine was found to be a 
powerful machine ; in the course of years it un- 
derwent many alterations, but received no very 
material improvement till the celebrated Mr. Watt 
discovered the means of obviating the defects we 
have noticed. His first improvement was to con- 
dense the steam in a separate vessel, which he 
called a condenser ; by which means he eflfectually 
prevented the refrigeration of the cylinder. 

He then introduced the steam from the boiler 
into the cylinder alternately below and above the 
piston, so as to make it both rise and fall ; com- 
pletely excluding the external air, the pressure of 
which became unnecessary, and which had been 
another cause of cooling the cylinder. 

EMILY. 

He must then have established a communication 
between the condenser and both the upper and 
lower parts of the cylinder, in order to carry ofi* the 
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steam, and form vacuums alternately above and 
below the piston. 

MRS. B. 

This he did by means of pipes and valves which 
could be opened or shut at pleasure. 

CAROLINE. 

Then, when the steam below the piston is drawn 
into the condenser, the steam above it will force it 
down, and when the steam above the piston flows 
into the condenser, the steam beneath will make it 
rise. It is, therefore, essential that the atmospheric 
air should have no access to the cylinder, otherwise 
the vacuum could not be formed, for the air would 
rush in to supply the place of the steam as soon as 
this is condensed. But is it not difficult to exclude 
the air completely, and yet leave room for the 
piston rod to move up and down freely ? 

MRS. B. 

In order to render the cylinder air-tight the 
piston-rod slides up and down through a small 
box, so well stuffed with leather and hemp that no 
air can penetrate. 

These movements will be more intelligible if 
you examine Plate VII., which represents a steam- 
engine such as is now used, in which all the essen- 
tial improvements of Mr. Watt are retained ; but 
some simple and convenient arrangement of the 
mechanism has been substituted in the place of his 
more elaborate and complicated contrivances. A A 
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IS the boiler, and the fire which heats it is contained 
in the fire-place B B, which, with the flues XX, 
surround it. The water, when converted into 
steam, passes through the pipe C C, and thence 
into a sort of box DD ; but for the explanation of 
the construction of this box I must refer you to 
Plate VIII. , where you will find it represented on 
a larger scale, as that plate contains only the cylin- 
der ZZ, and the pipes which connect the box with it. 
From this box the steam can pass either through 
the pipe EE into the upper part of the cylinder 
above the piston YY in order to force it down, or 
it can pass through the pipe FF and enter the 
cylinder below the piston in order to raise it. 

CAROLINE. 

But when the steam goes in at one end of the 
cylinder, it must come out at the other, and take 
refuge in the condenser ; how does it find its way 
there ? for these two pipes communicating at one 
end with the steam-box, and at the other with the 
cylinder, cannot either of them convey the steam 
into the condenser. 

MRS. B. 

There is a separate pipe for that purpose, one 
end of which opens into the steam-box, and the 
other into the condenser. The orifice of this pipe 
alone is visible at G, as it turns back before it 
descends ; but in Plate VII. that part of Gr which 
communicates with the condenser HH is de- 
lineated. 



160 STEAM-ENGINE. 

EMILY. 

And by what means is the steam prevented 
from entering the cylinder through both passages 
at the same time ? 

MBS. B. 

By a very simple and ingenious contrivance 
called a sliding valve, II, which moves up and 
down, and alternately leaves the passage to the 
upper or lower pipe open : in its present situation 
in Plate YIII. it is raised as high as it will go, 
closing the passage between the steam-box and 
. the openings to the pipes E and G, but leaving a 
communication between these two pipes. 

CAKOLINE. 

The steam, then, enters at the bottom of the 
cylinder below the piston ; but how do you get 

rid of that which is above it? Oh, I see: it 

descends through the pipe E, and being excluded 
by the valve I from entering the steam-box, it 
passes into the orifice of the pipe Gr, and is thence 
conveyed into the condenser. 

MRS. B. 

And when the valve slides downwards so as to 
close the communication between the pipe F and 
the steam-box, it opens a. passage between that 
pipe and G ; so that the steam below the piston is 
not drawn into the condenser, while that above it 
forces it down. 



pj^iTR nil 




.*?t^. ' Jk / t'ta'**rA i' i'r Ssucrmtir S.cit. 



■*«f 



STEAM-EKGIKE. 161 

EMILY. 

But during the time that the valve is moving 
from the orifice of one pipe to that of the other, 
both must be left partly open at the same time, so 
that less steam can get admittance into one pipe 
or escape out of the other, than when one of the 
pipes is completely open, and the other entirely 
closed. 

MRS. B. 

That is very true, and the stroke of the piston 
is less forcible during those intervals. There is 
also an instant during which the valve closes 
all the three passages; it is when the piston 
reaches the top of the cylinder, as represented 
in Plate VII. 

CAROLINE. 

The communication between the steam-box and 
the condensing pipe G is then always closed by 
the valve in whatever position it may be ? 

MRS. B. 

Certainly; it would be wasting the steam to 
allow it to flow from the steam-box into the con- 
densing pipe ; that pipe is used merely to convey 
away the steam that has already performed its 
oflSce in the cylinder ; it therefore communicates 
only with the pipes E and F. The valve II, you 
will observe, is not flat, but capacious, in the form 
of a box without a lid; for it is necessary that the 
communication between the pipes E and G should 
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be made within the capacity of the valve : were It 
flat, it would close the pipes E and G, not only 
from the steam-box, but from each other, so that 
the steam could not escape into the condensing 
pipe. 

Thus by simply sliding up and down this 
hollow valve, the motion of the piston may be 
carried on indefinitely. 

EMILY. 

And by what means is this valve moved ? for I 
see no rod to connect it with the lever. 

MBS. B. 

No ; it is worked by two cranks, V and W, 
situated at right angles to each other ; of which 
V is connected with the side-valve I, and W is 
connected to the eccentric X, which is worked 
by the fly-wheel shaft U. 

EMILY. 

But the steam is lost, Mrs. B. : I had flattered 
myself that some means had been devised of turn- 
ing it to account. 

MBS. B. 

Not lost, though it is no longer serviceable in 
the form of steam ; for it gives out its latent heat 
to the water in the condenser, and this heated 
water is pumped up and conveyed into the boiler 
B, Plate VII., where it is re-converted into steam 
at a much less expense of fuel than if it were cold. 
The condenser H, you will observe, is situated in 
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a cistern of cold water LL, and ♦ represents the 
injection cock, by means of which a stream of this 
water is constantly flowing into the condenser, in 
order to re-convert the steam into water. 

CAROLINE. 

And how is this water conveyed into the boiler, 
to be asain transformed into steam ? 

MRS* B. 

The bottom of the condenser communicates with 
an air-pump MM, which raises the heated water 
into a smaller cistern N, from whence it is elevated 
by the forcing pump O, and conveyed through a 
pipe which is not delineated in the plate into a 
cistern P, situated immediately over the boiler, into 
which it descends through the pipe Q. — The small 
lever attached to this cistern, having a weight sus- 
pended at one end, and a float B which rests upon 
the surface of the water hanging from the other, 
is a contrivance to admit into the boiler exactly 
the quantity of water required. In the present 
position of the lever, that quantity is duly adjusted; 
but should the boiler be further filled, the float 
which always remains on the surface of the water, 
and the rod to which it is attached, must rise and 
elevate that arm of the lever to which it is sus- 
pended ; the other arm will consequently descend, 
and a valve S, which is suspended to that arm, 
will close the pipe Q so as to impede the entrance 
of more water into the boiler. But as soon as the 
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superabundance of water in the boiler is converted 
into steam, and has passed off into tlie cylinder, 
and the water resumes its former level, the float 
descending, restores the level to its horizontal 
position, raises the valve S, and re-opens a com- 
munication for the admission of water from the 
condenser. 

EMILY. 

This is a most ingenious contrivance : yet the 
invention of a separate vessel to condense the 
steam was, I think, the most happy idea, and so 
simple that I wonder it did not occur sooner. But 
since it is essential to preserve the high tempera- 
ture of the cylinder, I should think it might be 
useful to cover it with flannel, or some other bad 
conductor of heat, in order to prevent its radiating 
off caloric ; and I wonder that the cylinder should 
be made of metal, which is so good a conductor of 
heat. 

MRS. B. 

Metal, though a good conductor, is, you know, 
a bad radiator ; besides, no other substance would 
have suflScient strength and durability for the pur- 
pose. Then, instead of flannel, the cylinder, in 
large engines, is frequently enclosed in a larger 
metallic case, called a jacket, and the intervening 
part is kept filled with steam, so that the cylinder 
itself is in a sort of steam- bath, and suffers no 
diminution of temperature. 

The lever TT of this steam-engine, you will ob- 
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serve, is of a very different construction from that 
of Newcomen's : instead of a cumbrous beam of 
wood, it consists of a plate of iron, strengthened 
by three ribs or bars of iron, to the central one of 
which is attached the several rods 1, 2, 3, 4, which 
work the piston of the cylinder, and those of the 
pumps, and finally the rod 5, which is the opera- 
tive power of the machine. This was another 
improvement of Mr. Watt : he also added a fly- 
wheel, U, the effect of which, you may recollect, 
is to equalise the motion of a machine, and render 
it uniform.* 

CAROLINE. 

This must be peculiarly applicable to a steam- 
engine, whose motion must necessarily be accele- 
rated every time the furnace is replenished with 
fuel, and retarded when the fuel begins to be ex- 
pended. 

MRS. Ba 

This irregularity is counteracted by another 
contrivance, which I shall now explain to you. 
The chief purpose of the fly-wheel is to carry on 
the action of the machine during an instant that 
occurs at every stroke of the piston, when it is at 
either end of the cylinder, and the crank rod and 
the crank are both in one and the same direction. 
In fig. 7. the piston is represented at the top of 
the cylinder, and the action of the steam would 

* See Conversations on Natural Philosophy, p. 140. 
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tend to pull the crank upwards^ without any part 
of the force being applied to turn it. Again, 
when the piston has moved to the bottom of the 
cylinder, and the crank has described half a re- 
volution, the crank will be in a vertical position, 
and the action of the steam can only tend to push 
it downwards in a straight line. At those instants 
the engine would probably stop, were it not for 
the force of inertia of the fly-wheel, which carries 
on the motion, and renders it uniform. 

The contrivance by means of which the quantity 
of steam that enters into the cylinder from the 
boiler is regulated, I shall now explain to you : 6 
is a valve in the steam-pipe c, called a throttle- 
valve, because it enlarges or diminishes the throat 
or passage in order to regulate the quantity of 
steam, so as to make the piston move with the 
degree of velocity required. 

CAROLINE. 

But one would suppose the valve to be en- 
dowed with intelligence to enable it to proportion 
its aperture to the quantity of steam required ? 

MRS. B. 

The intelligence belongs to man alone ; his skill 
transfers it mechanically to inanimate matter, in a 
manner so wonderful, that, it is true, it sometimes 
appears as if he inspired these materials with reason. 
But to return to the regulator of the steam- 
engine, — it was Mr. Watt who first contrived to 
make this throttle-valve self-acting, by adjusting it 
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SO, that when the piston was moving with too 
great velocity it would contract and admit less 
steam into the cylinder, and thus diminish the 
speed of the machine ; and when, on the contrary, 
it was moving too slowly, it would enlarge and 
admit a greater quantity of steam, and thus 
accelerate its velocity. 

The two balls a a, Plate VIL, are so adjusted 
that the motion of the piston makes them revolve 
round the spindle b. When the piston moves 
with proper celerity, these balls, during their re- 
volutions, will remain at the distance from each 
other described in the plate ; but what will occur 
if the velocity .of the piston be increased ? 

EMILY. 

If you increase the cause, the effect will be in- 
creased in proportion ; the velocity of the balls will 
be accelerated, and their centrifugal force conse- 
quently augmented, so that they will recede 
further from each other. 

MRS. B. 

Very well ; now these balls are connected with 
the throttle-valve 6 by means of the rods c and d, 
in such a manner, that when the balls recede from 
each other, the rods c and d are a little elevated^ 
and the valve, which is a thin vane moving upon 
a pivot, presents its face to the stream of steam 
issuing from the boiler, and in a great measure 
opposes its passage by almost closing the pipe. 

M 4 
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When, on the contrary, the piston moves too 
dowly, the motion of the balls being retarded, and 
their centrifugal force diminished, they approach 
each other, the rods c and d are depressed, and 
the valve moving on its pivot is turned edgeways 
towards the steam, and thus leaves it a free 
passage. This apparatus, which regulates the 
throttle-valve, is called the governor. 

EMILY. 

It is a very ingenious contrivance ; but, Mrs. B., 
there is something which still perplexes me. The 
motion of the ends of the lever-beam is in a curve 
Une, yet the piston must move up and down in a 
straight-line : now, how can a power moving in a 
curve line produce motion in a straight line in 
another body ? 

Mr. Watt had some trouble in surmounting this 
diflSculty; but his indefatigable ingenuity dis- 
covered a means of overcoming it, which is called 
the parallel motion. He adjusted a system of 
levers, e, f, g, h, in such a manner, that though the 
lever-beam in its rising and falling described the 
arc of a circle, that of the piston was rectilinear ; 
but this piece of mechanism it would take us 
much time to explain. 

EMILY. 

Pray how are the high-pressure engines con- 
structed, which have been described as so dan- 
gerous ? 
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MRS. B. 

They act on the same principle as that we have 
just examined; but^ instead of being furnished 
with a condenser and air-pump, the steam is 
allowed to escape from the cylinder into the open 
air ; this communication with the atmosphere ren- 
ders it necessary that the steam should have a 
much greater force than the pressure of the atmo- 
sphere, 0,3 it must counterbalance that pressure 
before it can act upon the piston. We know from 
experiment that steam rising from water, heated 
to the boiling point, or the temperature of 212° of 
Fahrenheit, will balance the pressure of the atmo- 
sphere ; or, which is the same thing, press against 
the piston with a force equal to nearly 15 lbs. on 
every square inch ; 2 lbs. above this, 17 lbs. is the 
force usually employed in the condensing or low- 
pressure engines ; but in those which have no con- 
denser the water in the boiler is heated consider- 
ably beyond the boiling point, acquires a very great 
expansive force, and exerts a proportional pressure 
on the piston ; it is sometimes carried so far as 
to work the piston with a pressure of 60 or 
80lbs. on every square inch. This highly elastic 
steam entering alternately at each end of the 
cylinder, will drive the piston backwards and for- 
wards notwithstanding the pressure of the atmo- 
sphere ; and no condenser being used, the steam 
escapes through a tube called a waste-pipe. It is 
easy to conceive that the greater the elasticity of 
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the steam^ the greater is the chance of the boiler 
bursting; but the cheapness of these engines, 
owing to the simplicity of their construction, and 
the convenience of occupying a comparatively 
small space, are great advantages. I have, indeed, 
heard it observed by some engineers, that the 
absolute necessity of extreme caution in high- 
pressure engines renders them, perhaps, less liable 
to accidents than those of low pressure ; and they 
now excite less alarm, and are more used than 
they were some years ago. 

EMILY. 

The additional quantity of fuel required to bring 
the water to so high a temperature, and the total 
loss of the steam, would, I should have thought, 
more than have counterbalanced the advantage of 
cheapness in the original cost of the engine. 

MRS. B. 

In coal mines, in which such engines have been 
used, the quantity of fuel is scarcely a consider- 
ation. 

Some years ago, Mr. Wolfe constructed an 
engine, consisting of the high-pressure and the 
condensing engine united together. The steam 
of the first, instead of being lost, is conveyed 
into the condensing engine, simply by connecting 
the cylinders of the two engines by a pipe, which 
conveys the steam from the one to the other; 
acting as a waste-pipe to carry off the steam from 
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the lugh-pressure engine, and as a steam-pipe to 
convey it into the condensing engine. He has, 
besides, diminished the danger of high pressure 
very considerably, by constructing the boilers 
either of wrought iron or of copper, instead of cast 
iron. In cases of accident, the former gradually 
rend, producing a less violent explosion than the 
latter, which suddenly burst. Besides, the ordi- 
nary safety valves formed of thin copper, and 
without any external orifice, are usually adapted to 
these engines ; for the same reason, plugs, made 
of a very fusible alloy of lead, bismuth, and tin, 
which melt if the heat exceed the temperature 
required, are occasionally inserted in the bottom 
of the boiler. 

Engines of this description were applied by 
Mr. Wolfe to working the mines in Cornwall, 
and the economy in fuel is such, that this com- 
bination of the two engines is considered as one 
of the most useful improvements that have been 
made since the time of Mr. Watt. 

CAROLINE. 

Pray, why is the engine of Mr. Watt, which 
you have described to us, called a double steam- 
engine ? 

MRS. B. 

It is in order to distinguish it from those of a 
different construction, which he first made, and 
which bear the name of single engines, owing to 
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the steam being introduced only above the piston, 
and used to force it down, instead of the atmo- 
spheric pressure, which, as I before observed, was 
attended with the inconvenience of cooling the 
cylinder, and the piston was afterwards raised by a 
counterpoise at the opposite end of the lower beam. 
The steam in this case acts on the piston only at 
every other stroke of the lever; only half the 
quantity of steam is used ; but then only half, or 
less than half, the power is obtained : it is in con- 
sequence of those engines (on which the steam acts 
both above and below the piston) performing double 
the quantity of work, that they have acquired the 
name of double engines. 

I shall not risk fatiguing you with an account 
of the manner in which the engine is adapted to 
steam-boats, to locomotive carriages, or the various 
other purposes to which it is applied. If you com- 
prehend the principle of its action, it is easy to 
conceive that it may be so modified, as to render 
it applicable to wheels, or any other mechanical 
power whatever. 

I cannot conclude this subject better than in the 
words of Mr. Stuart, in his descriptive history of 
the steam-engine : " We have said that Mr. Watt 
was the great improver of the steam-engine ; but 
in truth, as to all that is admirable in its structure, 
or vast in its utility, he should rather be described 
as its inventor. It was by his invention that its 
action was so regulated as to make it capable of 
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being applied to the finest and most delicate ma- 
nufactures, and its power so increased as to set 
weight and solidity at defiance. By his admirable 
contrivances, it has become a thing alike stupen- 
dous for its force and its flexibility ; for the pro- 
digious powers which it can exert, and the ease, 
precision, and ductility with which they can be 
varied, distributed, and applied. The trunk of 
an elephant that can pick up a pin, or rend an 
oak, is nothing to it. It can engrave a seal, and 
crush masses of obdurate metal like wax before it ; 
draw out, without breaking, a thread as fine as a 
gossamer, and lift a ship of war like a bubble in 
the air. It can embroider muslin, forge anchors, 
cut steel into ribands, and impel loaded vessels 
against the fury of the winds and waves. 

^^ It would be diflScult to estimate the value of 
the benefits which these inventions have conferred 
upon the country. There is no branch of industry 
that has not been indebted to them ; and in all the 
most material, they have not only widened most 
magnificently the field of its exertions, but multi- 
plied a thousand- fold the amount of its productions. 
It is our improved steam-engine that has fought 
the battles of Europe, and exalted and sustained, 
through the late tremendous contest, the political 
greatness of our land. It is the same great power 
that now enables us to pay the interest of our debts, 
and to maintain the arduous struggle in which we 
are still engaged, against the skill and capital of all 
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other countries. Bat these are poor and narrow 
views of its importance. It has increased indefi- 
nitely the mass of human comforts and enjoyments, 
and rendered cheap and accessible, all over the 
world, the materials of wealth and prosperity ; it 
has armed the feeble hand of man, in short, with a 
power to which no limits can be assigned, com- 
pleted the dominion of mind over matter, and laid 
a sure foundation for all those future miracles of 
mechanical power which are to aid and reward the 
labour of after-generations." 
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CONVERSATION VI. 

ON THE CHEMICAL AGENCIES OP ELECTEICITY. 



MBS. B. 

It will now be necessary to give you some account 
of certain properties of electricity, which have of 
late years been discovered to have an essential 
connection with the phenomena of chemistry. I 
allude to the Voltaic battery, of which you have 
heard such wonders. 

EMILY. 

We have, indeed, but without understanding 
them; and I should be delighted to hear them 
explained. Electricity is, I believe, the third 
imponderable agent in the first class ? 

MBS. B. 

I have placed electricity in that class, rather 
from the necessity of classing it somewhere, than 
from any conviction that it has a right to that 
situation ; for we are as yet so ignorant of its 
intimate nature, that we are unable to determine, 
not only whether it is simple or compound, but 
whether it is in fact a material agent ; or, as Sir 
H. Davy has hinted, whether it may not be merely 
a property inherent in matter. 



I 
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CAROLINE. 

Well, I must confess, I do not feel nearly so 
interested in a science where so much uncertainty 
prevails, as in those which rest upon established 
principles. I never was fond of electricity, be- 
cause, however beautiful and curious the pheno- 
mena it exhibits may be, the theories, by which 
they were explained, appeared to me so various, 
so obscure and inadequate, that I always remained 
dissatisfied. I was in hopes that the new disco- 
veries in electricity had thrown so great a light on 
the subject, that every thing respecting it would 
now have been clearly explained. 

MRS. B. 

That is a point which we are yet far from 
having attained. But, in spite of the imperfec- 
tion of our theories, you will be amply repaid by 
the importance and novelty of the subject. The 
number of new facts which have already been as- 
certained, and the immense prospect of discovery 
which has lately been opened to us, will, I hope, 
ultimately lead to a perfect elucidation of this 
branch of natural science; but at present you 
must be contented with studying the effects, and 
in some degree explaining the phenomena, without 
aspiring to a precise knowledge of the remote 
cause of electricity. 

We shall adopt the opinion entertained by the 
most eminent philosophers, that there are two 
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kinds of electricity, distinguished by different 
names; the one called vitreous or positive elec- 
tricity ; the other, resinous or negative electricity. 
These fluids are supposed to pervade all bodies, 
and so long as they remain united, they appear 
to neutralise each other ; for the body In which 
they exist shows no sign of electricity, but no 
sooner are they separated than electricity Is ex- 
cited. This separation of the fluids, we have ob- 
served, takes place by friction : thus, If you i*ub a 
tube of glass with a woollen cloth, the two electri- 
cities are disunited, the resinous passing Into the 
cloth, and descending Into the ground, and the 
vitreous remaining isolated in the tube. In this 
state its attraction for the resinous electricity Is so 
great, that it will take it from any body with which 
It comes in contact, and will even draw very light 
bodies towards it for that purpose, as you may 
recollect having seen a glass tube, or a stick of 
sealing-wax, after friction, attracting small pith 
balls In Its vicinity. 

EMILY. 

Oh, yes ; the glass tube snatches, as It were, the 
resinous electricity from them, and they return 
charged with vitreous electricity ; whilst. If It be 
sealing-wax which is rubbed, it is, on the contrary, 
the vitreous electricity which Is taken from the 
pith ball, that of the sealing-wax having been 
passed Into the rubber during the friction, 

VOL. I. H 
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MBS. B. 

Very welL Hitherto we have considered the 
electricities which have been separated by friction ; 
we shall now examine that which is produced by 
contact and by chemical agency. 

It was a trifling and accidental circumstance 
which first gave rise to this new branch of physi- 
cal science. Galvani, a professor of natural phi- 
losophy at Bologna, being engaged (about forty 
years ago) in some experiments on muscular irri- 
tability, observed, that when a piece of metal was 
laid on the nerve of a frog, recently dead, whilst 
the limb supplied by that nerve rested upon some 
other metal, the limb suddenly moved, on a com- 
munication being made between the two pieces of 
metaL 

EMILY. 

How is this communication made ? 

MRS. B. 

Either by bringing the two metals into contact, 
or by connecting them by means of a metallic con- 
ductor. But without subjecting a frog to any cruel 
experiments, I can easily make you sensible of this 
kind of electric action. Here is a piece of zinc, 
(one of the metals I mentioned in the list of ele- 
mentary bodies) — put it under your tongue, and 
this piece of silver upon your tongue, and let both 
the metals project a little beyond the tip of the 
tongue ; — very well ; — now make the projecting 
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parts of the metals touch each other, and you will 
instantly perceive a peculiar sensation, 

EMILY. 

Indeed I did; a singular taste, and I think a 
degree of heat ; but I can hardly describe it. 

MRS. B. 

The action of these two pieces of metal on the 
tongue is precisely similar to that made on the 
nerve of a frog. I shall not detain you by a de- 
tailed account of the theory by which Galvani at- 
tempted to explain this fact, as it was soon over- 
turned by subsequent experiments, which proved 
that Galvanism (the name this new power had ob- 
tained) was nothing more than electricity. Galvani 
supposed that the virtue of this new agent resided 
in the nerves of the frog ; but Volta, who pro- 
secuted this subject with much greater success, 
showed that the phenomena did not depend on the 
organs of the frog, but upon the electrical agency 
of the metals, which is excited by the moisture of 
the animal ; the organs of the frog being only a 
delicate test of the presence of electric influence. 

He proved, by a variety of experiments, that 
when two metals, having been placed in contact, 
are afterwards separated, the equilibrium £)f the 
two electricities is deranged ; part of the vitreous 
passing into the one, and part of the resinous into 
the other. It appears, however, that some inter- 
vening fluid is necessary to produce this effect ; 

N 2 
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for, if the eontact of the plates be made in a per- 
fectly diy Yacmmi, no electricitT k excited. 

Ib the MT, then, gofBeient to derelope electricity ? 

MBS.B. 

It is, perhaps, rather the moisture and the car- 
bonic add contained in the atmosphere which 
produce this effect. 

CAROLDTE. 

I suppose, then, the saliva of the mouth answers 
the same purpose in exciting the electricity of the 
pieces of silver and rinc with which Emily tried 
the experiment on her tongue ? 

Precisely. Water, and acids very much diluted 
by water, are found to be the most effectual in pro- 
moting the development of electricity in metals ; 
and, accordingly, the original apparatus which 
Yolta first constructed for this purpose consisted 
of a pile or succession of plates of zinc and copper, 
each pair of which was connected by pieces of 
cloth or paper impregnated with water ; and this 
instrument, from its original inconvenient struc- 
ture and limited strength, has gradually arrived at 
its present state of power and improvement, such 
as is exhibited in the Voltaic battery. In this 
apparatus a specimen of which you see before you 
(Plate IX. fig. h)f the plates of zinc and copper 
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are soldered together in pairs, each pair being 
placed at regular distances in earthen troughs^ 
and the interstices being filled with fluid. 

In order to render the action of the Voltaic 
battery more easy to comprehend, let us at present 
confine our attention to the action of two plates 
only. If a plate of zinc be placed opposite to one 
of copper, as you see represented here (fig. 2.), and 
the space between them filled with an acid fluid, 
the two electricities will be disengaged from their 
opposite surfaces ; the copper will give out the 
resinous, and the zinc the vitreous. These elec- 
tricities, developed by the chemical action of the 
acid, will also be conveyed by it to the opposite 
plates, so that the vitreous will be accumulated in 
the plate of copper, and the resinous in that of 
zinc : or, in other words, the copper will be posi- 
tively electrified, and the zinc negatively. 

EMILY. 

This is very similar to the common electrical 
machine, excepting that their friction is alone re- 
quired to separate the two electricities of the glass 
plate (Plate IX. fig. 3.) ; for it is by its ro.tation 
that the resinous electricity is given out into the 
rubber, whilst the vitreous remains in the glass, 
whence it passes into the conductor. 

MRS. B. 

But you may recollect that, unless a commu- 
nication be made between the rubber and the 

N 3 
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ground, a very limited quantity of electricity can 
be evolved, for the rubber has too small a capacity 
to admit of any considerable accumulation of the 
electric fluid. 

CAROLINE. 

And these two small plates of metal must have 
still less capacity ? 

MRS. B. 

Very true. Therefore, if they are not in com- 
munication with other bodies to which they may 
impart their electricities, the quantity developed 
will be very limited. In order that it may be 
evolved freely, and without interruption, some 
means must be devised by which the two plates 
may part with their electricities as soon as they 
receive them. Can you think of any mode of 
accomplishing this ? 

CAROLINE. 

By the addition of more plates, into which the 
electricity may pass in proportion as it is deve- 
loped ; and it is no doubt thus that the Voltaic 
battery is constructed. 

MRS. B. 

It is true that the greater the number of plates, 
the greater will be the intensity of the battery; for 
the electricity is conveyed from one plate to the 
other, till the whole of it is accumulated in the 
two plates which terminate the battery; the posi- 
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tive electricity in the copper plate at one extremitj 
and the negative in the zinc at the other. 

These two extremities are called the poles of 
the battery ; the copper plate is the positive pole, 
and the zinc plate the negative pole; and each 
of these plates bear the whole charge of their re- 
spective electricities. 

But you have removed the difficulty without 
overcoming it, Caroline; for if these two plates 
have no means of getting rid of their charge, no 
further electricity can be given out, and the action 
of the battery will cease. 

EMILY. 

Would not two chains or wires, suspended from 
either plate to the ground, conduct the electricities 
into the earth, and thus answer the purpose ? 

MRS. B. 

It would answer the purpose of carrying off the 
electricity, I admit : but recollect that, though it 
is necessary to find a vent for it, we must not lose 
it, since it is the power we are endeavouring to 
obtain. Instead, therefore, of conducting it into 
the ground, let us make the two wires from the 
two poles meet (Plate IX. fig. 1.): the two electrir 
cities will thus be brought together, and will com- 
bine and neutralise each other; and as long as this 
communication continues, the two plates having a 
vent for their respective electricities, the action of 
the battery will go on freely and uninterruptedly. 

N 4 
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CAEOLINE. 

This is, indeed, a most admirable invention. 
How far superior to the electric5al machine, in 
which one of the electricities is conveyed into 
the ground and totally lost! Here, nothing is 
wasted. 

EMILY. 

And is it quite certain that the electricity of the 
Voltaic battery is precisely of the same nature as 
that of the conmion electrical machine ? 

MBS. B. 

Undoubtedly; the shock given to the human 
body, the spark, the circumstance of the same 
substances which are conductors of the one beingr 
also conductors of the other, and of those bodies, 
such as glass and sealing-wax, which are non- 
conductors of the one, being also non-conductors 
of the other, are striking proofs of it. Besides, 
Sir H. Davy has shown, that a Leyden jar 
and a common electric battery can be charged 
with electricity obtained from a Voltaic battery, 
the effect produced being perfectly similar to that 
obtained by a common machine ; and experiments 
have been made by Dr. Wollaston and other 
celebrated chemists, which fully demonstrate the 
identity of these electricities. 

CABOLINE. 

Then why not use the common machine for 
phfT)"^^ decompositions ? 
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MRS. B. 

Because for such purposes its effects are In- 
comparably weaker. Dr. Wollaston, in using it 
for chemical decompositions, was obliged to act 
upon the most minute quantities of matter; and 
though the result was satisfactory in proving the 
similarity of its effects to those of the Voltaic bat- 
tery, these effects were too small in extent to be 
practically applicable to chemical decomposition. 

CAROLINE. 

How terrible, then, must be the shock from a 
Voltaic battery ? 

MRS. B. 

It is by no means so formidable as you would 
imagine. The superiority of the Voltaic battery 
over the electrical machine consists not in its in- 
tensity, but in its continued action. In the com- 
mon machine, no sooner are the two electricities 
united than the equilibrium is restored, and the 
action ceases. To produce a second charge, the 
friction must be repeated, and the electricities 
separated anew. In the Voltaic battery, on the 
contrary, the union of the two electricities, so far 
from destroying the action of the battery, increases 
its energy. 

EMILY. 

Certainly ; because it makes way for the disen- 
gagement of more electricity; just as the chain 
communicating with the ground makes way for 
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the resinous electricity to pass through the rub- 
ber, and thus promotes the accumulation of the 
vitreous in the glass plate. 

MRS. B. 

True; but observe that the two electricities 
in the battery act in a continued series of small 
successive charges, forming a constant electrical 
current. Therefore, though the shock, or single 
instantaneous effect, produced by the common 
electrical machine, is more intense, the power of 
the Voltaic battery is far superior when a con- 
tinued action is required ; and that is the case with 
chemical decompositions. 

CAROLINE. 

Would it not be possible to increase the in- 
tensity of the Voltaic battery till it should equal 
that of the common machine ? 

MRS. B. 

It can be increased till it imitates a weak elec- 
trical machine, so as to produce a visible spark 
when accumulated in a Leyden jar. 

By increasing the number of plates of a battery, 
you increase its intensity^ whilst, by enlarging the 
dimensions of the plates, you augment its quantity. 
It was at first supposed that it was the size, rather 
than the number, of plates that was essential to the 
augmentation of power. It was, however, found, 
upon trial, that the quantity of electricity pro- 
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duced by the Voltaic battery, even when of a very 
moderate size, was sufficiently copious for chemical 
decomposition, and that the chief advantage in 
this apparatus consisted, as I have said, in the 
continuity of its action. 

CAROLINE. 

Well, now that we understand the nature of 
the action of the Voltaic battery, and its powers 
of decomposing compound bodies, I long to hear 
an account of the chemical discoveries to which it 
has given rise. 

MRS. B. 

You must restrain your impatience, my dear, 
for I cannot with any propriety introduce the 
subject of these discoveries till we come to them 
in the regular course of our studies. There 
is, however, one respecting the Voltaic pile, 
which, though not immediately connected with 
chemistry, is too curious to be passed over in 
silence. It relates to the influence of electricity 
on magnetism, first observed by a Danish phi- 
losopher, Mr. Oersted. You already know some- 
thing of the wonderful property of the magnetic 
needle to direct one of its extremities towards the 
north ; and you may easily conceive how interest- 
ing any new fact relating to this truly mysterious 
agent must be to science. The fact that was first 
discovered is this : if a Voltaic battery be so placed 
as to have its negative pole directed towards the 
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south, and its positive one towards the north, a 
communication being at the same time established 
over the battery, between its two poles, by means 
of a metallic wire ; and if a magnetic needle be 
suspended just above the wire, and in a parallel 
direction, the needle will immediately move round 
upon its pivot, its northern extremity directing 
itself towards the toest^ more or less, according to 
the energy of the pile, while, on the other hand, 
if the magnetic needle be placed below the Voltaic 
conductor, it will likewise begin to move round, 
but its north pole will, in this case, point towards 
the east 

EMILY. 

How curious this is I 

MRS. B. 

The subject has been further investigated by 
several of the most eminent philosophers, and the 
facts they have discovered prove that the electrical 
and magnetic fluids are the same. 

EMILY. 

And cannot you tell us by what means this 
discovery was made ? 

MRS. B. 

The experiments are far too difficult for me to 
venture on their explanation. Besides, they be- 
long rather to natural philosophy than chemistry. 
I must, however, tell you, that Mr. Faraday has 
been very recently engaged in investigating this 
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subject still further. His experiments were made 
with a view of discovering whether light might 
not also be of the same nature as magnetism and 
electricity ; and though the result does not yet 
enable him to aflSrm that lights magnetism^ and 
electricity are identically the same, we are led to 
expect that such will prove the ultimate result of 
his researches. 

Having now concluded our examination of the 
three imponderable agents, — heat, light, and elec- 
tricity, — we shall proceed to the second class, and 
oxygen will next come under our consideration. 
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CONVERSATION VH, 

ON OXYGEN AND NITROGEN. 



MRS. B. 

To-day we shall examine the chemical properties 

of the ATMOSPHERE. 

CAROLINE. 

I thought that we were, first to learn the nature 

of OXYGEN ? 

MRS. B. 

And so you shall : the atmosphere being com- 
posed of two principles, oxygen and nitrogen, 
we shall proceed to analyse it, and consider its 
component parts separately. 

It is deviating, it is true, from the order of our 
arrangement, to introduce oxygen and nitrogen 
to your acquaintance simultaneously ; but their 
union in the atmosphere is so interesting, that 
they would both lose by being treated of inde- 
pendently of each other. 

EMILY. 

I thought that the atmosphere had been a very 
complicated fluid, composed of all the variety of 
exhalations from the earth. 
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MBS. B. 

Such substances may be considered rather as 
heterogeneous and accidental, than as forming any 
of its component parts ; and the proportion they 
bear to the whole mass is quite inconsiderable. 

Atmospherical air is composed of two gases, 
known by the names of oxygen gas and nitro- 
gen or AZOTIC GAS. 

EMILY. 

Pray what is a gas ? 

MRS. B. 

The name of gas is given to any fluid capable of 
existing in an aeriform state, under the pressure 
and at the temperature of the atmosphere. 

CAROLINE. 

Then water, when evaporated by heat, is a 
gas? 

MRS. B. 

So long as it exists in an aeriform state it is ; 
but when steam is cooled it instantly returns to 
the form of water. But many of the airs or gases 
have never yet been rendered liquid or solid, and 
it was long supposed that they were incapable of 
being so changed. The experiments of Mr. Fa- 
raday have however proved that several bodies 
hitherto considered as permanent gases may be 
reduced to the liquid form by subjecting them to 
great pressure in glass vessels. By such means, 
carbonic acid, sulphureous acid, sulphuretted hy- 
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drogen, nitrous oxide, euchlorine, cyanogen, am- 
monia, chlorine, and muriatic acid, have been 
made to assume the liquid form and appear as 
limpid and highly mobile fluids. 

EMILY. 

And is it not probable that other gases may be 
condensed by similar means, and that nitrogen 
and oxygen may become liquid, provided a suffi- 
ciently powerful compressing force were applied ? 

MRS. B. 

Very probably. Mr. Perkins, who attempted to 
condense atmospheric air into a liquid, asserts, 
that when it is subjected to a pressure of a thou- 
sand atmospheres it becomes liquid, and that a 
portion remains liquid even for some time after 
the removal of the compression. But he has not 
told us what method he employed to obtain this 
enormous pressure, so that the experiment has not 
been verified. 

Mr. Aim6 has subjected gases to great pres- 
sure, by sinking them deep into the sea in an 
apparatus adapted to the purpose. The pressure 
on nitrogen gas was equal to 200 atmospheres. 
He ascertained that the gases diminished in vo- 
lume in a greater ratio than the pressure in- 
creased, and hence concluded that they became 
liquefied. But from the nature of the experiment 
the actual result could not be ascertained. 

You will hear more on this subject by and by ; 
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but we must now return to the examination of the 
simple bodies oxygen and nitrogen. 

EMILT. 

When you speak of the simple bodies oxygen 
and nitrogen^ do you mean to express those sub- 
stances which are the basis of the two gases ? 

MBS. B. 

Yes; for they can properly be called gases 
only when in the aeriform state. 

CAROLINE. 

In what proportions are they combined in the 
atmosphere ? 

MRS. B. 

The oxygen gas constitutes a little more than 
one-fifth, and the nitrogen gas a little less than 
four-fifths.* When separated, they are found to 
possess qualities totally different from each other : 
oxygen gas being essential both to respiration and 
combustion, while neither of these processes can 
be performed in nitrogen gas. 

CAROLINE. 

But if nitrogen gas be unfit for respiration, how 
does it happen that the large proportion of it which 

* The proportian of oxygen contained in the atmosphere 
is about 21 per cent. Oxygen 21 

Nitrogen 79 

JOG 
VOL. I, O 



194 OXYQEN AND NITBOGEN. 

enters into the composition of the atmosphere ia 
not a great impediment to breathing ? 

We should breathe more freely than our lungs 
could bear, if we respired oxygen gas alone. The 
nitrogen is no impediment to respiration, and 
doubtless answers some useful purpose in that 
process, though we do not know in what manner. 

EMILY. 

And how can the two gases which compose the 
atmospheric air be separated ? 

MRS. B. 

There are many ways of doing this, and one of 
the most interesting is by combustion. 

EMILY. 

You surprise me ! How is it possible that 
combustion should separate the gases ? 

MRS. B. 

Bodies which are not already combined with 
oxygen will attmct it, and at a certain elevation 
of temperature absorb it from the atmosphere ; in 
which case the nitrogen gas will remain alone, 
and may thus be obtained in its separate state. 

CAROLINE. 

I do not understand how a gas can be ab- 
sorbed* 

MRS. B. 

It is only the oxygen, or basis of the gas, which 
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is absorbed^ while the (Salorio which held it in a 
gaseous form escapes. 

EMILY. 

And what becomes of this caloric ? 

MRS. B. 

We shall make this piece of dry wood attract 
oxygen from the atmosphere, and you will see what 
becomes of the caloric. 

CAROLINE. 

You are joking, Mrs. B. ; you do not mean to 
decompose the atmosphere with a piece of dry 
stick ? 

M^S. B. 
Not the whole body of the atmosphere, certainly ; 
but if we can make this piece of wood attract any 
quantity of oxygen from it, a proportional quan- 
tity of atmospherical air will be decomposed. 

CAROLINE. 

If wood has so strong an attraction for oxygen, 
why does it not decompose the atmosphere spon- 
taneously ? 

MRS. B. 
Because, as I have told you before, an elevation 
of temperature is requisite, though for what pur- 
pose is not known ; possibly it may be to diminish 
the cohesive attraction of the wood, which would 
enable the oxygen to penetrate and combine with 
it more readily. 

2 
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What means, now, shall we employ to raise the 
temperature of the wood, so as to enable it to 
attract oxygen from the atmosphere ? 

CAROLINE. 

Holding it near the fire, I should think, would 
answer the purpose. 

MRS. B. 

It may, provided you hold it suflBciently close 
to the fire ; for a very considerable elevation of 
temperature is required. 

CAROLINE. 

Oh ! Mrs .B., [it has caught fire ; and yet I did 
not let it touch the coals, but I held it so close 
that I suppose it kindled merely from the intensity 
of the heat. 

MRS. B. 
Or you might say, in other words, that the 
caloric which the wood imbibed, so much elevated 
its temperature as to enable it to attract oxygen 
very rapidly from the atmosphere. 

EMILY. 

Does the wood absorb oxygen while it is 
burning ? 

MRS. B. 

Yes ; and, in consequence of the oxygen com-, 
bining with the wood, the heat and light, which 
held it in a gaseous state, are set at liberty. 

CAROLINE. 

You astonish me I The heat of a turnipg body 
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proceeds^ then, as much from the atmosphere as 
from the body itself? 

MRS. B. 
The caloric, given out during combustion, pro- 
ceeds entirely, or nearly so, from the decomposi- 
tion of the oxygen gas. 

EMILY. 

I have not yet met with any thing in chemistry 
that has surprised or delighted me so much as 
this explanation of combustion. I was at first won- 
dering what connection there could be between the 
aflSnity of a body for oxygen and its combustibility ; 
but I think I understand it now perfectly. 

MRS. B. 

Combustion, then, you see, is nothing more 
than the rapid pombination of a body with oxygen, 
attended by the disengagement of light and heat. 

EMILY. 

But are there no combustible bodies whose 
attraction for oxygen is so strong, that they will 
combine with it, without the application of heat ? 

CAROLINE. 

That cannot be ; otherwise we should see bodies 
burning spontaneously. 

MRS. B. 

There are some instances of this kind, such as 
phosphorus, potassium, and some compound bo- 
dies, with which I shall hereafter make yo\l ^<ii- 
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quainted. These bodies, however, are prepared 
hj art, for the combustions that could occur 
spontaneously, at the temperature of the atmo- 
sphere, have already taken place ; therefore new 
combustions cannot happen without the temper- 
ature of the body being first raised. Some bodies, 
however, burn at a much lower temperature than 
others. 

CAROLINE. 

But the common way of burning a body is not 
merely to approach it to one already on fire, but 
rather to put the one in actual contact with the 
other, as when I bum this piece of paper by 
holding it in the flame of the fire. 

MRS. B. 

The closer it is in contact with the source of 
caloric, the sooner will its temperature be raised 
to the degree necessary for it to bum. If you hold 
it near the fire, the same effect will be produced ; 
but more time will be required, as you found to be 
the case with the piece of stick. 

EMILY. 

But why Is it not necessary to continue applying 
caloric throughout the process of combustion, in 
order to keep up the elevation of temperature of 
the wood, which is required to enable it to combine 
with the oxygen ? 

MRS. B. 

The caloric being gradually disengaged durin<» 
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combustion keeps up the temperature of the burn- 
ing body; so that when once combustion has 
begun, no further application of caloric is re- 
quisite. 

CAROLINE. 

Since I have learned this wonderful theory of 
combustion^ I cannot help gazing at the fire ; and 
I can scarcely conceive that the heat and lights 
which I always supposed to proceed entirely from 
the coals^ are really produced by the decomposition 
of the atmosphere. 

EMILY. 

When you blow the fire, you increase the com- 
bustion, I suppose, by supplying the coals with a 
greater quantity of oxygen gas ? 

MRS. B. 

Certainly ; but of course no blowing will pro- 
duce combustion, unless the temperature of the 
coals be first raised. 

CAROLINE. 

No, certainly: it would be absurd to blow coals 
which had not previously been lighted. 

MRS. B. 
A single spark, however, is sometimes sufficient 
to produce that effect ; for, as I said before, when 
once combustion has commenced, the caloric dis- 
engaged is sufficient to elevate the temperature 
of the rest of the body, provided that there be a 

free access of oxygen. It however often happens 

o 4 
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that If a fire be ill made^ it will be extinguished 
before all the fuel is consumed^ because there is 
not a sufficient quantity of caloric disengaged to 
keep up the temperature of the fuel. 

You must recollect that there are three things 
required in order to produce combustion ; a com- 
bustible body, oxygen, and a temperature at which 
the one will combine with the other. 

EMILY. 

But why does stirring the fire make it bum, for 
it does not increase the quantity of oxygen ? 

MRS. B. 

No; but it breaks the masses of cinder into 
which the coals have formed during combustion, 
and thus opens passages for the air, so that more 
oxygen comes in contact with the parts where 
combustion is going on. You know, that if the 
fire in the grate is not occasionally stirred, it is 
always extinguished before the whole of the coal 
is consumed. A wood fire does not require stir- 
ring, because wood, in burning, does not, like coal, 
collect into masses. 

EMILY. 

You said that combustion was one method of 
decomposing the atmosphere, and obtaining the 
nitrogen gas in its simple state ; but how do you 
secure this gas, and prevent it from mixing with 
the rest of the atmosphere ? 
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MBS. B. 

It is necessary for this purpose to burn the body 
within a close vessel, which is easily done. — We 
shall introduce a small lighted taper (Plate X« 
fig. 1.) under this glass receiver, which stands 
in a basin over water, to prevent all commu- 
nication with the external aur. 

CABOLINE. 

How dim the light burns already 1 — It is now 
extinguished. 

MBS. B. 

Can you tell us why it is extinguished ? 

CABOLINE. 

Let me consider. — The receiver was full of 
atmospherical air ; the taper, in burning within it, 
must have combined with the oxygen contained in 
that air, and the caloric that was disengaged pro- 
duced the light of the taper. But when the whole 
of the oxygen was absorbed, no more caloric 
could be produced, the taper ceased to bum, and 
the flame was extinguished. 

MBS. B. 

Your explanation is perfectly correct. 

EMILY. 

The two constituents of the oxygen gas being 
thus disposed of, what remains under the receiver 
must be pure nitrogen gas. 
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There are some circumstances which prevent 
the nitrogen gas, thus obtained^ from being pure ; 
but we may easily try whether the oxygen has 
disappeared^ by putting another lighted taper 
under it. — You see how instantaneously the taper 
is extinguished for want of oxygen; and were 
you to put an animal under the receiver^ it would 
immediately be suffocated. But that is an expe- 
riment which I do not think your curiosity will 
tempt you to try. 

EMILY. 

Certainly not. — But look, Mrs. B., the receiver 
is full of a thick white smoke. Is that nitrogen 
gas? 

MRS. B. 

No, my dear: nitrogen gas is perfectly trans- 
parent and invisible, like common air. This 
cloudiness proceeds from a variety of exhalations, 
which arise from the burning taper, the nature of 
which you cannot at present understand. 

CAROLINE. 

But see, the water within the receiver has now 
risen above its level in the basin. What is the 
reason of this ? 

MRS. B. 
With a moment's reflection, I dare say, you 
would have explained it yourself. The water rises 
in consequence of the oxygen gas within it having 
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been destroyed, or rather decomposed by the com- 
bustion of the taper. 

CAROLINE. 

Then why did not the water rise immediately 
when the oxygen gas was destroyed ? 

MRS. B. 

Because the heat of the taper, whilst burning, 
occasioned a dilatation of the air in the vessel, 
and a production of carbonic acid, which at first 
counteracted this effect. 

Another means of decomposing the atmosphere 
is by the oxygenation of certain metals. This 
process is very analogous to combustion; it is, 
indeed, only a more general term to express th^ 
combination of a body with oxygen. 

CAROLINE. 

In what respect, then, does it differ from com- 
bustion ? 

MRS. B. 

The combination of oxygen in combustion is 
always accompanied by a disengagement of light 
and heat, whilst this circumstance is not a neces- 
^ary consequence of simple oxygenation. 

CAROLINE. 

But how can a body absorb oxygen when in a 
gaseous state, without light and heat being dis- 
engaged? 

MRS. B. 

Oxygen does not always present itself in a 
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gaseous form ; it is, you must recollect, a simple 
body, and forms a constituent part of a vast num- 
ber of bodies, both solid and liquid, in which it 
exists in a state of greater density than in the 
atmosphere ; . and from these bodies it may be ob- 
tained without much disengagement of caloric. It 
may likewise in some cases be absorbed from 
the atmosphere without any sensible production 
of light and heat : for, if the process be slow, the 
caloric will be disengaged in such small quantities, 
and so gradually, that no sensible quantity of light 
or heat will be produced. . In this case the com- 
bination with oxygen is called oxygenation or 
oxidation^ instead of combustion. 

EMILY. 

I wonder that metals should unite with oxy- 
gen, for the attraction of aggregation of such 
dense bodies must be very great ; and I should 
liave thought that oxygen could never have pene- 
trated them. 

MRS. B. 

Their strong attraction for oxygen counter- 
balances this obstacle. Most metals, however, re- 
quire to be made red-hot before they are capable 
of attracting oxygen in any considerable quantity. 
By this combination they lose most of their me- 
talllc properties, and fall into a kind of powder, 
formerly called calx^ but now much more properly 
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termed an oxide ; thus we have oxide of lead, oxide 
of iron, &c. 

CAROLINE. 

The word oxide, then, simply means a metal 
combined with oxygen ? 

MRS. B. 

Yes; but the term is not confined to metals, 
though chiefly applied to them. Any body what- 
ever, that has combined with a certain quantity 
of oxygen, either by means of oxidation or com- 
bustion, is called an oxide, and is said to be 
oxidated or oxygenated. This black powder is an 
oxide of manganese, a metal which has so strong 
an aflSnity for oxygen, that it attracts that sub- 
stance from the atmosphere at any known tem- 
perature ; it is, therefore, never found in its me- 
tallic form, but always in that of an oxide, in 
which state, you see, it has very little of the ap- 
pearance of a metal. It is now heavier than it 
was before oxidation, in consequence of the ad- 
ditional weight of the oxygen with which it has 
combined. 

CAROLINE, 

I am very glad to hear that ; for I confess I 
could not help having some doubts whether oxygen 
was really a substance, as it is not to be obtained 
in a simple and palpable state; but its weight is^ 
I think, a decisive proof of its being a real body. 
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MBS. B. 

It is easy to estimate its weight, by separating 
it from the manganese^ and finding how much 
the latter has lost. 

EMILY. 

But if you can take the oxygen from the metal, 
shall we not then have it in its palpable simple 
state ? 

J&Bo* B. 

No ; for I can only separate the oxygen from the 
manganese, by presenting to it some other body, 
for which it has a greater affinity than for the man- 
ganese. Caloric has this superior attraction for 
oxygen, and by uniting with it restores it to the 
aeriform state. I have put some oxide of man- 
ganese into a retort, which is an earthen vessel 
with a bent neck, such as you see here. (Plate X. 
fig. 2.) — The retort containing the manganese 
you cannot see, as I have enclosed it in this fur- 
nace, where it is now red-hot. But, in order to 
make you sensible of the escape of the gas, I have 
connected the neck of the retort with this bent 
tube, the extremity of which is immersed in this 
vessel of water. (Plate X. fig. 3.) — Do you see 
the bubbles of air rise through the water ? 

CABOLINE. 

Perfectly. This, then, is pure oxygen gas; 
what a pity it should be lost! Could you not 
preserve it P 
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MRS. B. 

We shall collect it in this receiver. — For this 
purpose, you observe, I first fill the receiver with 
water, in order to exclude the atmospherical air ; 
and then place it over the bubbles which issue 
from the retort, so as to make them rise through 
the water to the upper part of the receiver. 

EMILY. 

The bubbles of oxygen gas rise, I suppose, from 
their specific levity ? 

MRS. B. 

Yes ; for though oxygen forms rather a heavy 
gas, it is light compared to water. You see how 
it gradually displaces the water from the receiver. 
It is now full of gas, and I may leave it inverted 
in water on this shelf, where I can keep the gas as 
long as I choose, for future experiments. This 
apparatus (which is indispensable in all experi- 
ments in which gases are concerned) is called a 
water-bath. 

CAROLINE. 

It is a very clever contrivance, indeed ; equally 
simple and useful. How convenient the shelf is 
for the receiver to rest upon under water, and the 
holes in it for the gas to pass into the receiver I I 
long to make some experiments with this appar 
ratus. 

MRS. B. 

I shall try your skill that way when you have 
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a Gttk more experienoe. I am now goii^ to ahoir 
yoa an expeiiment which proves, in a very sink- 
ing manner, how caRential oxygen is to OHnbiis- 
ikm. Ton will see that iron itself will born in 
this gas, in the most rapid and brilliant manner. 

CASOLIXE. 

I have often seen it red-hot at the blacksmith's 
fofge, but I did not know that it was posaiUe to 
bum it 

MRS. B. 

Iron, like all other metaLs, will combine with 
oxygen, bat it will not bum in atmospherical air 
without a Tery great elevation of temperature ; it 
is, however, eminently combustible in pure oxy- 
gen gas ; and what will surprise you still more, it 
can be set on fire without any considerable rise of 
temperature. You see this spiral iron wire. — 
I fasten it at one end to this cork, which is made 
to fit an opening at the top of the glass receiver. 
(Plate X fig. 4.) 

EMILY. 

I see the opening in the receiver : but it is care* 
fully closed by a ground-glass stopper. 

J&BS. B. 

That is in order to prevent the gas from escap- 
ing ; but I shall take out the stopper, and put in 
the cork, to which the wire hangs. Now I am 
going to bum this wire in the oxygen gas, and this 
small piece of lighted tinder fixed to its extremity 
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is sufficient to give the first impulse to combus- 
tion. I shall now introduce the wire into the 
receiver, by quickly changing the stoppers. 

CAROLINE. 

Is there no danger of the gas escaping while 
you change them? 

MRS. B. 

Oxygen gas is a little heavier than atmospherical 
air, therefore it will not mix with it very rapidly; 
and, if I do not leave the opening uncovered, we 
shall not lose any — — 

CAROLINE. 

Ob, what a brilliant and beautiful flame I 

EMILY. 

It is as white and dazzling as the sun I — Now 
a piece of the melted wire drops to the bottom : I 
fear it is extinguished; but no, it bums again, 
as bright as ever. 

MRS. B. 

It will burn till the wire is entirely consumed, 
provided the oxygen be not first expended; for 
you know it can burn only while there is oxygen 
to combine with it. 

CAROLINE. 

I never saw a more beautiful light. My eyes 
can hardly bear it I How astonishing to think 
that all this caloric was contained in the small 
quantity of gas enclosed in the receiver I 

VOL. I, p 
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How wonderfiillj quick oombostion goes on in 
pure oxygen gas! Bot, pray, is no part of the 
wire consumed? and are these drops of burnt 
iron as heavy as the wire was before ? 

MRS. B. 

They are even heavier ; for the iron, in burn- 
ing, instead of sustiuning any loss, has acquired 
the weight of the oxygen which has disappeared, 
and is now combined with it. It has become an 
oxide of iron. 

CAROLINE. 

I do not know what you mean by saying that 
the oxygen has disappeared, Mrs. B., for it was 
always invisible. 

JdLRS* b. 

True, my dear ; the expression was incorrect. 
But though you could not see the oxygen gas, I 
believe you had no doubt of its presence, as the 
effect it produced on the wire was sufficiently 
evident. 

CAROLINE. 

Yes, indeed ; yet you know it was the caloric, 
and not the oxygen gas itself, that dazzled us so 
much. 

MRS. B. 

You are not quite correct in your turn, in 
saying the caloric dazzled you ; for caloric is in- 
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visible; It affects only the sense of feeling: it 
was the light which dazzled yoti. 

CAROLINE. 

True ; but light and caloric are such constant 
companions, that it is difficult to separate them 
even in idea. 

MRS. B. 

The easier it is to confound them, the more 
careful you should be to preserve the distinction. 

CAROLINE. 

But why has the water now risen, and filled 
part of the receiver ? 

MRS« B. 

Indeed, Caroline, I did not suppose you would 
have asked such a question I Let me hear^ Emily, 
whether you can answer it. 

EMILY. 

I must reflect The oxygen has 

combined with the wire ; the caloric has escaped ; 
consequently nothing can remain in the receiver, 
arid the water will rise to fill the vacuum. 

CAROLINE. 

I wonder that did not occur to me. I wish 

that we had weighed the wire and the oxygen 

gas before combustion ; we might then have found 

whether the weight of the oxide was equal to that 

of both. 

p 2 
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MBS. B. 

You may try the experiment if you particu- 
larly wish it; but I can assure you, that, if 
accurately performed, it never fails to show that 
the additional weight of the oxide is precisely 
equal to that of the oxygen absorbed, whether 
Ihe process has been an actual combustion, or a 
simple oxygenation. 

CABOLINE. 

But this cannot be the case with combustion in 
general; for when any substance is burnt in 
common air, so far from increasing in weight, it 
is evidently diminished, and sometimes entirely 
consumed. 

MBS. B. 

What do you mean by the expression consumed 

CABOLINE. 

Why I scarcely know : — destroyed, I believe. 

MBS. B. 

You cannot suppose that the smallest particle 
of any substance in nature can be actually de- 
stroyed ; if so, the world would be daily diminish- 
ing from the number of things burnt, and would 
itself be fast approaching to destruction. No ; 
man can do a great deal in uniting or separating 
the component parts of bodies, but he is equally 
incapable, either of creating or destroying a single 
particle of matter. 
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CAROLINE. 

Then what becomes of bodies which are burnt ? 

MRS. B. 

A simple body unites with the oxygen and 
becomes an oxide; a compound body is decom- 
posed by combustion; some of its constituent 
parts fly off in a gaseous form, while others re- 
main in a concrete state ; the former are called 
the volatile, the latter the fixed, products of com- 
bustion. But if we collect the whole of them, 
we shall always find that they exceed the weight 
of the combustible body, by that of the oxygen 
which has combined with them during com- 
bustion. 

EMILY. 

In the combustion of a coal fire, then, I suppose 
that the ashes are what would be called the fixed 
product, and the smoke the volatile product ? 

CAROLINE. 

Yet, when the fire bums best, and the quantity 
of volatile products should be the greatest, there 
is no smoke. How can you account for that ? 

EMILY. 

Indeed I cannot ; therefore I suppose that I was 
not right in my conjecture. 

MRS. B. 

Not quite ; ashes, as you supposed, are a fixed 

product of combustion; but smoke, properly speak- 

p 3 
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iag, k not one of tbe Tobdle prodDC£s» ss it eon- 
Bsts of flcnniie mdeooaipoaed putides of At eoalk 
vhidb are carried <^ Inr the heited sir withool 
being burnt, and are estber depodted in the fbna 
of sooty or £qKned by the wind. Smote, theie- 
foff, cannot be eansdered as a prodnct of eon- 
bosdon, as it eoDssts <^ paitades wbidi have not 
nndeirgpne that |vooe8& And joa mar eaalj eon- 
ceire that the ^inm g er the fire is, the less smoke 
win be prodneed, becaose the iewer particles es- 
cape combostion. On this principle depends the 
invention of Aigand's Patent Lamps; a conent 
of air is made to pass throu^ thecyfindrical wi^ 
of the lamp, bjr whidb means it is so pkntifuIlT 
supplied with oxygen that scarcely a particle <^ 
o3 escsqies combostiCMi, nor is there any smoke 
jirodooed. 



But whal^ then, are the Yolatile products of 
combustion ? 

MRS. B. 

Various new compounds, with which you are 
not yet acquainted, and which, being ccmTcrted by 
caloric into YBpoui or gas, are inyisible ; but they 
can be collected, and we shall examine them at 
some future period. 

CABOLIinB. 

Are there many other gases, bendes the oxygen 
and nitrogen gases ? 
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MBS. B. 

Yes ; a great number, as I have already told 
you; any substance which can assume and main- 
tain the form of an elastic fluid at the temper- 
ature of the atmosphere is called a gas. We shall 
examine the several gases in their respective 
places; but we must now confine our attention 
to those which compose the atmosphere. 

I shall show you another method of decom- 
posing the atmosphere, which is very simple. In 
breathing we retain a portion of the oxygen, and 
expire the nitrogen gas ; so that if we breathe in 
a closed vessel for a certain length of time, the 
air within it will be deprived of its oxygen gas. 
Which of you will make the experiment? 

CABOLINE. 

Oh, pray let me try. 

MBS. B. 

Breathe several times through this glass tube 
into the receiver with which it is connected, until 
you feel that your breath is exhausted. 

1 CABOLINE. 

I am quite out of breath already I 

MBS. B* 

Now let us try the gas with a lighted taper. 

EMILY. 

It is very pure nitrogen gas, for the taper is 

immediately extinguished. 

p 4 
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MRS. B. 

That is a proof only of the absence of oxygen, 
the principle of combustion ; for the nitrogen gas 
is far from being pure. 

EMILY. 

In the methods which you have shown us, for 
decomposing the atmosphere, the oxygen always 
abandons the nitrogen ; but is there no way of 
taking the nitrogen from the oxygen so as to 
obtain the latter pure from the atmosphere ? 

JnSSa B. 

You must observe, that whenever oxygen is 
taken from the atmosphere, it is by forcing it to 
combine with some other substance; we cannot 
do the same with the nitrogen gas, because nitro- 
gen has a stronger affinity for caloric than for any 
other known principle: it appears impossible, 
therefore, to separate it from the atmosphere by 
the power of affinities. But if we cannot obtain 
the oxygen gas, by this means, in its separate 
state, we have no difficulty (as you have seen) to 
procure it in its gaseous form, by taking it from 
those substances which have absorbed it from the 
atmosphere, as we did with the oxide of manganese. 

EMILY. 

Can atmospherical air be recomposed, by mixing 
due proportions of oxygen and nitrogen gases ? 

MRS. B. 

Yes ; if about one part of oxygen gas be mixed 
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with about four parts of nitrogen gas, atmospheri- 
cal air will be produced. 

EMILY. 

The air, then, must be an oxide of nitrogen ? 

MRS. B. 

No, my dear ; for it requires a chemical com- 
bination between oxygen and nitrogen in order to 
produce an oxide, whilst in the atmosphere these 
two substances are separately combined with calo- 
ric, forming two distinct gases, which are simply 
mixed in the formation of the atmosphere. 

I shall say nothing more of oxygen and nitrogen 
at present, as we shall continually have occasion 
to refer to them in our future conversations. They 
are both very abundant in nature ; nitrogen is the 
most plentiful in the atmosphere, and exists also in 
all animal substances ; oxygen forms a constituent 
part, both of the animal and vegetable kingdoms, 
from which it may be obtained by a variety of 
chemical means. But it is now time to conclude 
our lesson. I am afraid you have learnt more 
to-day than you will be able to remember. 

CAROLINE. 

I assure vou that I have been too much in- 
terested in it ever to forget it. In regard to ni- 
trogen there seems to be but little to remember : 
it makes a very insignificant figure in comparison 
with oxygen, although it composes a much larger 
portion of the atmosphere. 
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Perhaps this insignificance you complain of may 
arise from the compound nature of nitrogen ; for 
though I have hitherto considered it as a simple 
body, because it is not known in any natural pro- 
cess to be decomposed, yet, from the experiments 
of Sir H. Davy, there is some reason to suspect 
that nitrogen is a compound body, as we shall see 
hereafter. But, even in its simple state, it will 
not appear so insignificant when you are better 
acquainted with it ; for though it seems to per- 
form but a passive part in the atmosphere, and 
has no very striking properties, when considered in 
its separate state, yet you will find hereafter, that 
it becomes a very important agent when combined 
with other bodies. It is placed, you see, in the 
2d division of the 3d class, at the head of the 
bodies forming acids by their combination with 
oxygen; we have, therefore, been irregular in 
anticipating its introduction, but we shall return 
to it under the head of acids. 
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MRS. B. 

We must now return to the 2d class, the agents 
of combustion, in which we have treated only of 
oxygen : Chlorine, Iodine, Brome, and Fluo- 
rine remain to be noticed. 

CAROLINE. 

Pray what kind of substances are these ? are 
they, also, invisible ? 

MRS. B. 

No ; for chlorine, in the state of gas, has a dis- 
tinct greenish colour, and is therefore visible ; and 
iodine has a beautiful claret-red colour. These 
bodies, I have already informed you, are like 
oxygen, capable of effecting combustion; or, in 
other words, of burning bodies that are combus- 
tible ; but the explanation of their properties im- 
plies various considerations which you would not 
yet be able to understand ; we shall, therefore, de- 
fer their examination to some future conversation,, 
and we shall pass on to the 3d class. 

Hydrogen, the only body comprehended in 
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this class, cannot, any more than oxygen, be ob- 
tained in a visible or palpable form. We are ac- 
quainted with it only in its gaseous state, as we 
are with oxygen and nitrogen. 

CABOLINE. 

But in its gaseous state it cannot be called a 
simple substance, since it is combined with heat ? 

MRS. B* 

True, my dear : but as we do not know in na- 
ture of any substance which is not more or less 
combined with caloric, it is usually said that a 
substance is in its simple or elementary state when 
united with that agent only. 

Hydrogen was formerly called inflammable air^ 
as it is extremely combustible, and bums with a 
great flame. Since the invention of the new no- 
menclature, it has obtained the name of hydrogen, 
which is derived from two Greek words, the mean- 
ing of which is, to produce water, 

EMILY. 

How does hydrogen produce water ? 

MRS. B. 

By its combustion. Water is composed of 
oxygen and hydrogen. If you estimate their 
proportions by weight, oxygen preponderates 
considerably, as there are 89 parts of oxygen, 
combined with 11 parts of hydrogen; but if you 
estimate their proportions by bulk, it is hydrogen 
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which takes the lead, as there are two parts of 
hydrogen gas to one part of oxygen gas. 

CAROLINE. 

Keally I Is it possible that water should be a 
combination of two gases, and that one of these 
should be inflammable air? Hydrogen must be a 
most extraordinary gas to produce both fire and 
water ! 

EMILY. 

But I thought you said that combustion could 
take place in no gas but oxygen ? 

MRS. B. 

Try to recollect in what the process of combus- 
tion consists ? 

EMILY. 

In the combination of a body with oxygen, with 
disengagement of light and heat 

MRS. B. 

Therefore, when I say that hydrogen is com- 
bustible, I mean that it has an affinity for oxygen ; 
but, like all other combustible substances, it can- 
not bum unless supplied with oxygen, and also 
heated to a proper temperature. 

CAROLINE. 

The simply mixing two measures of oxygen gas 
with one of hydrogen will not, therefore, produce 
water ? 

MRS. B. 

No ; water being a much denser fluid than gases. 
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in order to reduce these gases to a liquid, it is 
necessary to diminish the quantity of caloric or 
electricity which maintains them in an elastic 
form. 

EMILY. 

That, I should think, might be done by com- 
bining the oxygen and hydrogen together; for 
then they would give out their caloric, and be 
condensed. 

CAROLINE. 

But you forget, Emily, that in order to make 
the oxygen and hydrogen combine, you must besfin 
by elevating their temperature, which increases, 
instead of diminishing, their caloric. 

MRS. B. 
Emily is, however, right; for though it is ne- 
cessary to begin by raising their temperature, in 
order to make them combine, that combination, 
affording them the means of parting with their 
caloric, is eventually the cause of its diminution. 

CAROLINE. 

You love to deal in paradoxes, to-day, Mrs. B. 
— Fire, then, produces water ? 

MRS. B. 

The combustion of hydrogen gas certainly does ; 
but you do not seem to have remembered the 
theory of combustion so well as you thought you 
would. Can you tell me what happens in the 
combustion of hydrogen gas ? 
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CAROLINE. 

The hydrogen combines with the oxygen, and 
caloric is disengaged. — Yes, I think I understand 
it now — by the loss of this caloric, the gases are 
condensed into a liquid. 

EMILY. 

Water, then, I suppose, when it evaporates and 
incorporates with the atmosphere, is decomposed 
and converted into hydrogen and oxygen gases ? 

MBS. B. 

No, my dear — there you are quite mistaken ; the 
decomposition of water is totally different from its 
evaporation ; for in the latter case (as you should 
recollect) water is only in a state of very minute di- 
vision ; and is merely suspended in the atmosphere, 
without any chemical combination, and without any 
separation of its constituent parts. As long as these 
remain combined, they form wateb, either in a 
state of liquidity, or in that of an elastic fluid, as 
vapour, or under the solid form of ice. 

In our experiments on latent heat, you may 
recollect that we caused water successively to pass 
through these three forms, merely by an increase 
or diminution of caloric, without employing any 
power of attraction, or effecting any decomposition. 

CAROLINE. 

But are there no means of decomposing water ? 

MRS. B. 

Yes, several ; charcoal, and metals, when heated 
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red-hot, will attract the oxygen from water, in the 
same manner as thej will from the atmosphere. 

CAROLINE. 

Hydrogen, I see, is like nitrogen, a poor de- 
pendent friend of oxygen, and is continually for- 
saken for greater favourites. 

MRS* B* 

The connection, or friendship, as you choose to 
call it, is much more intimate between oxygen 
and hydrogen in the state of water, than between 
oxygen and nitrogen in the atmosphere ; for, in the 
first case, there is a chemical union and condens- 
ation of the two substances ; in the latter, they 
are simply mixed together in their gaseous state. 
You will find, however, that, in some cases, the 
connection between oxygen and nitrogen is quite 
as intimate as that between oxygen and hydrogen. 
— But this is foreign to our present subject. 

EMILY. 

Water, then, is an oxide, though the atmo- 
spherical air is not ? 

MRS. B. 

It is not commonly called an oxide, though, 
according to our definition, it may, no doubt, be 
referred to that class of bodies. 

CAROLINE. 

I should like extremely to see water decom- 
posed. 
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MRS. B, 

I can gratify your curiosity by a much more 
easy process than the oxidation of charcoal or 
metals : the decomposition of water by these latter 
means takes up a great deal of time^ and is at-» 
tended with much trouble ; for it is necessary that 
the charcoal or metal should be made red-hot in a 
furnace^ that the water should pass over them in a 
state of vapour, that the gas formed should be 
collected over the water-bath, &c. In short, it is 
a very complicated operation. But the same effect 
may be produced, with the greatest facility, by the 
action of the voltaic battery, which this will give 
me an opportunity of showing you. 

CAROLINE. 

I am very glad of that ; for I longed to see the 
power of this apparatus in decomposing bodies. 

MRS. B. 

For this purpose I fill this piece of glass tube 
(Plate XL fig. 1.) with water, and cork it up at 
both ends : through one of the corks I introduce 
that wire of the battery which conveys the positive 
electricity ; and that which conveys the nega- 
tive electricity is made to pass through the other 
cork, so that the two wires approach each other 
sufliciently near to give out their respective elec- 
tricities. 

CAROLINE. 

It does not appear to me that you approach the 

YOL. I. Q 
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wires so near as you did when you made the bat- 
tery act by itself. 

MRS. B. 

Water being a better conductor of electricity 
than air, the two wires will act on each other 
at a greater distance in the former than in the 
latter case. 

EMILT. 

Now the electrical effect appears : I see small 
bubbles of air emitted from each wire. 

MRS. B. 

Each wire decomposes the water ; the positive 
by attracting its oxygen, the negative by attracting 
its hydrogen. 

CAROLINE. 

That is wonderfully curious! But what are 
the small bubbles of air ? 

MRS. B. 

The two component parts of water, which, being 
separated from each other, and set at liberty, ap* 
pear in the form of small bubbles of gas or air ; 
the oxygen at the positive wire, and the hydrogen 
at the negative wire. Observe that the wires are 
made of platina, a metal whose attraction for 
oxygen is less than that of hydrogen ; for were it 
not so> the wire would combine with the oxygen, 
and the hydrogen alone would be disengaged. 
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CAROLINE. 

But could not water be decomposed without the 
electric circle being completed ? If, for instance, 
you immersed only the positive wire in the water, 
would it not combine with the oxygen, and the 
hydrogen gas be given out ? 

MRS. B. 

No ; for, as you may recollect, the battery can- 
not act unless the circle be completed. 

CAROLINE. 

I understand it now. — But look, Mrs. B., the 
decomposition of the water, which has been going 
on for some time, does not sensibly diminish its 
quantity — what is the reason of that ? 

MRS. B. 

Because the quantity decomposed is so extremely 
small. If you compare the density of water with 
that of the gases into which it is resolved, you must 
be aware that a single drop of water is sufficient 
to produce thousands of such small bubbles as 
those you now perceive. 

CAROLINE. 

But in this experiment we obtain the oxygen 
and hydrogen gases mixed together. Is there any 
means of procuring them separately ? 

MRS. B. 

They can be collected separately with great ease, 
by modifying a little the experiment. Thus, if 
instead of one tube we employ two^ as you see 
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here (c, d, Plate XI. fig. 2.), both tubes bemg 
closed at one end^ and open at the other ; and if, 
after filling these tubes with water^ we place them 
in a glass of water (e), with their open end down- 
wards^ you will see that the moment we connect 
the wires (a, b,) which proceed upwards from the 
interior of each tube, the one with one end of the 
battery, and the other with the other end, the water 
in the tubes will be decomposed ; oxygen will be 
given out round the wire in the tube connected 
with the positive end of the battery, and hydro- 
gen in the other ; and these gases will be evolved 
exactly in the proportions which I have before 
mentioned, namely, two measures of hydrogen for 
one of oxygen. We shall now begin the experi- 
ment, but it will be some time before any sensible 
quantity of the gases can be collected. 

EMILY. 

The decomposition of water in this way, slow 
as it 18, is certainly very wonderful ; but I confess 
that I should be still more gratified, if you could 
show it us on a larger scale, and by a quicker pro- 
cess. I am sorry that the decomposition of water 
by charcoal or metals is attended with so much 
inconvenience. 

MBS. B. 

"Water may be decomposed by means of metals 
without any difficulty ; but for this purpose the 
intervention of an. acid is required. Thus, if we add 
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some sulphuric acid (a substance with the nature 
of which you are not yet acquainted) to the water 
which the metal is to decompose, the acid enables 
the metal to combine with the oxygen of the water 
so readily and abundantly, that no heat is required 
to hasten the process. Of this I am going to show 
you an instance. I put into this bottle the water 
that is to be decomposed, the metal which is to 
effect that decomposition by combining with the 
oxygen, and the acid which is to facilitate the 
combination of the metal and the oxygen. You 
will see with what violence these will act on each 
other. 

CAROLINE. 

But what metal is it that you employ for this 
purpose ? 

MRS. B. 

It is iron ; and it is used in the state of filings^ 
as these present a greater surface to the acid than 
a solid piece of metal. For as it is the surface of 
the metal alone which is acted upon by the acid, 
and disposed to receive the oxygen produced by 
the decomposition of the water, it necessarily fol- 
lows that the greater the surface the more con- 
siderable is the effect. The bubbles which are 
now rising are hydrogen gas 

CAROLINE. 

How disagreeably it smells ! , 

MRS. B. 

It is indeed unpleasant, though, I believe, Hot 

Q 3 
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particularly hurtful. We shall not, however, 
suffer any more to escape, as it will be wanted 
for experiments. I shall, therefore, collect it in a 
glass receiver, by making it pass through this bent 
tube, which will conduct it into the water-batL 
(Plate XL fig. 3.) 

EMILY. 

How very rapidly the gas escapes ! it is perfectly 
transparent, and without any colour whatever. — 
Now the receiver is full 

MBS. B. 

We shall, therefore, remove it, and substitute 
another in its place. But you must observe, that 
when the receiver is full, it is necessary to keep it 
inverted with the mouth under water, otherwise 
the gas would escape. And in order that it may 
not be in the way, I introduce within the bath, 
under the water, a saucer, into which I slide the 
receiver, so that it can be taken out of the bath 
and conveyed any where : the water in the saucer 
being equally effectual in preventing its escape as 
that in the bath. (Plate XI. fig. 4.) 

EMILY. 

I am quite surprised to see so large a quantity 
of hydrogen gas produced by so small a quantity 
of water, especially aa oxygen is the principal con- 
stituent of water. 

MBS. B. 

In weight it is ; but not in volume. For though 
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the proportion, by weight, is nearly eight parts 
of oxygen to one of hydrogen, yet the proportion 
of the volume of the gases is about one part of 
oxygen to two of hydrogen ; so much heavier is 
the former than the latter. 

CAROLINE. 

But why is the vessel in which the water is 
decomposed so hot ? As the water changes from 
a liquid to a gaseous form, cold should be pro- 
duced instead of heat. 

MRS. B. 

No ; for if one of the constituents of water is 
converted into a gas, the other becomes solid in 
combining with the metaL 

EMILY. 

In this case, then, neither heat nor cold should 
be produced. 

MRS. B. 

Very true ; and, in fact, the heat which is gene* 
rated in thb operation is not owing to the decom^ 
position of the water, but to an extrication of 
caloric produced by the mixture of water and 
sulphuric acid. I will mix some water and sul- 
phuric acid together in this glass, that you may 
be sensible of the surprising quantity of heat which 
is disengaged by their union — now take hold of 
the glass 

CAROLINE. 

Indeed I cannot ; it feels as hot as boiling water. 



232 HTDBOGEN. 

I should haye imagined there would have be^ 
heat enough disengaged to haye rendered the 
liquid solid. 

MRS* B» 

Since it does not pcpduce that effect, we cannot 
refer this heat to the modification called latent heat 
We may, however, I think, consider it as heat of 
capacity, since the liquid is condensed by its loss; 
and if you were to repeat the experiment, in a gra- 
duated tube, you would find that the two liquids, 
when mixed, occupy considerably less space than 
they did separately. But we will reserve this to 
another opportunity, and attend at present to the 
hydrogen gas which we have been producing. 

If I now set the hydrogen gas, which is con^ 
tained in this receiver, suddenly at liberty, and 
kindle it as soon as it comes in contact with the 
atmosphere, by means of a taper, it will so sud- 
denly and rapidly decompose the oxygen gas, by 
combining with its basis, that an explosion, or a 
detonation (as chemists commonly call it), will be 
produced. For this purpose, I need only take up 
the receiver, and quickly present its open mouth 
to the taper — so 

CAROLINE. 

It produced only a sort of hissing noise, with a 
vivid flash of light. I had expected a much greater 
report. 

MRS. B. 

And so it would have been, had the gases been 
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closely confined at the moment they were naade to 
explode. If, for instance, we were to put in this 
bottle a mixture of hydrogen gas and atmospheric 
air; and if, after corking the bottle, we should 
kindle the mixture by a very small orifice, from 
the sudden dilatation of the gases at the moment 
of their combination, the bottle must either fly to 
pieces, or the cork be blown out with considerable 
violence. 

CAROLINE. 

But in the experiment which we have just seen, 
if you did not kindle the hydrogen gas, would it 
not equally combine with the oxygen ? 

MRS. B. 

Certainly not ; for, as I have explained to you, 
it is necessary that the oxygen and hydrogen 
gases be burnt together, in order to combine 
chemically and produce water. 

CAROLINE. 

That is true ; but I thought this was a different 
combination, for I see no water produced. 

MRS. B. 

The water resulting from this detonation was so 
small in quantity, and in such a state of minute 
division, as to be invisible. But water certainly 
was produced ; for oxygen is incapable of com- 
bining with hydrogen in any other proportion 
than those which form water; therefore water 
must always be the result of their combination. 
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If, instead of bringing the hydrogen gas into 
sudden contact with the atmosphere (as we did 
just now), so as to make the whole of it explode 
the moment it is kindled, we allow but a very small 
surface of gas to bum in contact with the atmo- 
sphere, the combustion goes on quietly and gradu- 
ally at the point of contact, without any detonation, 
because the surfaces brought together are too 
small for the immediate union of the gases. The 
experiment is a very easy one. This phial, with a 
narrow neck (Plate XL fig. 5.), is full of hydrogen 
gas, and is carefully corked. If I take out the 
cork without moving the phial, and quickly place 
the candle at the orifice, you will see how different 
the result will be ^— 

EMILY. 

How prettily it burns, with a blue flame I The 
flame is gradually sinking within the phial — now 
it has entirely disappeared. But does not this 
combustion likewise produce water ? 

MRS. B. 

Undoubtedly. In order to make the formation 
of the water sensible to you, I shall procure a fresh 
supply of hydrogen gas, by putting into this bottle 
(Plate XL fig. 6.) iron filings, water, and sulphuric 
acid — materials similar to those which we have 
just used for the same purpose. I shall then cork 
up the bottle, leaving only a small orifice in the 
cork, with a piece of glass tube fixed to it, through 
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which the gas will issue in a continued rapid 
stream. 

CAROLINE. 

I hear already the hissing of the gas through 
the tube^ and I can feel a strong current against 
my hand. 

MRS. B. 

This current I am going to kindle with the 
taper : — see how vividly it bums. 

EMILY. 

It bums like a candle with a great flame. But 
why does this combustion last so much longer than 
in the former experiment? 

MRS. B. 

The combustion goes on uninterruptedly, as 
long as the new gas continues to be produced. 
Now, if I invert this receiver over the flame, you 
will soon perceive its internal surface covered with 
a very fine dew, which is pure water. 

CAROLINE. 

Yes, indeed ; the glass is now quite dim with 
moisture ! How glad I am that we can see the 
water produced by this combustion. 

EMILY. 

It is exactly what I was anxious to see ; for I 
confess I was a little incredulous. 

MRS. B. 

If I had not held the glass bell over the flame^ 
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the water would have escaped in the state of va- 
pour, as it did in the former experiment. We 
have here obtained but a very small quantity of 
water ; but the difficulty of procuring a proper 
apparatus, with sufficient quantities of gases, pre-* 
vents my showing it you on a larger scale. 

The composition of water was discovered about 
the same period, both by Mr. Cavendish, in this 
country, and by the celebrated French chemist, 
Lavoisier. The latter invented a very perfect and 
ingenious apparatus to perform, with great ac- 
curacy, and upon a large scale, the formation of 
water by the combination of oxygen and hydrogen 
gases. Two tubes, conveying due proportions, 
the one of oxygen, the other of hydrogen gas, are 
inserted at opposite sides of a large globe of glass, 
previously exhausted of air ; the two streams of 
gas are kindled within the globe, by the electrical 
spark, at the point where they come in contact ; 
they burn together, that is to say, the hydrogen 
combines with the oxygen, the caloric is set at 
liberty, and a quantity of water is produced ex- 
actly equal, in weight, to that of the two gases 
introduced into the globe. 

CAROLINE. 

And what was the greatest quantity of water 
ever formed in this apparatus ? 

MRS. B« 
Several ounces ; indeed, very nearly a pound. 
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if I recollect right; but the operation lasted many 
days. 

EMILY. 

This experiment must have convinced all the 
world of the truth of the discovery. Pray, if im- 
proper proportions of the gases were mixed and 
set fire to, what would be the result ? 

MRS. B. 

Water would equally be formed, but there would 
be a residue of either one or other of the gases, 
because, as I have already told you, hydrogen and 
oxygen will combine only in the proportions re** 
quisite for the formation of water. 

EMILY. 

Look, Mrs. B., our experiment with the Voltaic 
battery (Plate XI. fig. 2.) has made great pro- 
gress; a quantity of gas has been formed in each 
tube ; but in one of them there is twice as much 
as in the other. 

MRS. B. 

Yes ; because, you know, water is composed of 
two volumes of hydrogen to one of oxygen — and 
if we should now mix these gases together and 
set fire to them by an electrical spark, both gases 
would entirely disappear, and a small quantity of 
water would be formed. 

There is another curious effect produced by the 
combustion of hydrogen gas, which I shall show 
you, though I jnust acquaint you first that I caa- 
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not well explain the cause of it. For this purpose 
I must put some materials into our apparatus, in 
order to obtain a stream of hydrogen gas, just as 
we have done before. The process is already going 
on, and the gas is rushing through the tube — I 
shall now kindle it with the taper. 

EMILY. 

It bums exactly as it did before What is 

the curious effect to which you were referring? 

MRS. B. 

Instead of the receiver, by means of which we 
have just seen the drops of water form, we shall 
invert over the flame this piece of tube, which is 
about two feet in length, and one inch in diameter 
(Plate XL fig. 7.) : you must observe that it is 
open at both ends. 

EMILY. 

What a strange noise it produces I something 
like the ^olian harp, but not so sweet. 

CAROLINE. 

It 'is very singular indeed; but I think rather 
too powerful to be pleasing. And is not this sound 
accounted for ? 

MRS. B. 

That the percussion of glass, by a rapid stream 
of gas, should produce a sound, is not extraordi- 
nary: but the sound here is peculiar, no other 
gas having a similar effect. Perhaps it is owing. to 
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a brisk vibratory motion of the glass^ occasioned by 
the successive formation and condensation of small 
drops of water on the side of the glass tube, and the 
air rushing in to replace the vacuum formed.* 

CAROLINE. 

How very much this flame resembles the burn- 
ing of a candle ! 

MRS. B. 

The burning of a candle is produced by much 
the same means. A great deal of hydrogen is 
contained in candles, whether of tallow or wax. 
This hydrogen being converted into gas by the 
heat of the burning wick, combines with the oxygen 
of the atmosphere, and flame and water result from 
the combination. So that, in fact, the flame of a 
candle is owing to the combustion of hydrogen gas. 
An elevation of temperature, such as is produced 
by a lighted match or taper, is required to give 
the first impulse to the combustion ; but afterwards 
it goes on of itself, because a sufficient supply of 
caloric is given out by the gases during their com- 
bustion. But there are other circumstances con- 
nected with the combustion of candles and lamps, 
which I cannot explain to you till you are acquainted 
with carhoriy which is one of their constituent parts. 
In general, however, whenever you see flame, you 
may infer that it is owing to the formation and 

* This ingenious explanation was first suggested by Dr. 
De la Rive, of Geneva. 
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buming of hydrogen gas *; for flame Is the pecu- 
liar mode of buming of hydrogen gas, which, with 
only one or two apparent exceptions, does not be-* 
long to any other combustible* 

EMILY. 

You astonish me ! I understood that flame was 
the caloric disengaged in all combustions whateyeri 

MBS* B« 

Your error proceeded from your vague and in- 
correct idea of flame : you have confounded it with 
light and caloric in general. Flame, no doubt, 
always implies caloric^ since it is produced by the 
combustion of hydrogen gas ; but caloric does not 
always imply flame. Many bodies burn with intense 
heat without producing flame. Coals, for instance, 
emit flame until all the hydrogen which they con-» 
tain is evaporated ; yet when they afterwards be- 
come red-hot, much more caloric is disengaged 
than when they merely produce flame. 

CAROLINE. 

But the iron wire, which you burnt in oxygen 
gas, appeared to me to emit flame ; yet, as it was 
a simple metal, it could contain no hydrogen ? 

MRS. B. 

It produced a dazzling blaze of light, and threw 

out a number of brilliant sparks, but had no real 

fliame. 

* Or rather carhuretted hydrogen^ a gas composed of hy- 
drogen and carbon, which will be noticed under the head 
Cambojx. 
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EMILY. 

And what is the cause of the regular shape of 
the flame of a candle ? 

MBS. B. 

The regular stream of hydrogen gas which ex- 
hales from its combustible matter. 

CAROLINE. 

But the hydrogen gas must, from its great levity, 
ascend into the upper regions of the atmosphere ; 
why, therefore, does not the flame continue to ac- 
company it ? 

MBS. B. 

The hydrogen gas, it is ti*ue, would ascend into 
those regions, if no combustion took place, but 
this process arrests it in its course, and is com- 
pleted at the point where the flame terminates : 
it then ceases to be hydrogen gas, as it is con- 
verted, by its combination with oxygen, into 
watery vapour; but in a state of such minute 
division as to beinvisible. 

CABOLINE. 

I do not understand what is the use of the wick 
of a candle, since the hydrogen gas burns so well 
without it. 

MBS. B. 

The combustible matter of the candle must be 
decomposed in order to emit the hydrogen gas; 
and the wick is instrumental in effecting thi& d&r 

VOL. I, "S, 
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compoeitioii. Ita combuaticxi first meha the com- 



But, in Lunpo, the combaadble matter is already 
fluid, and jet they also require wick& 



I was going to add, that, afterwards, the bnmii^ 
wick (by the power of capiUary attraction) gra- 
dually draws up the fluid to the point where oom- 
buation takea phce ; for you must hare observed 
that the wick does not bum quite to the bottom. 



CAKOLms. 
I hare noticed that ; but I do not understand 
why it does not. 

MBS. B. 

Because the air has not such firee access to that 
part cf the wick which is immediately in contact 
with the candle, as to the part just above^ so that 
the heat there is not sufficient to produce its de* 
composition ; the combustion, therefore, begins a 
little above this point. 

CABOLIKE. 

But, Mrs. B., in gas-lights there is no wick at 
all. How are these managed? 

MBS. B. 

In these lamps the gas itself is kindled, and 
bums just as we have seen it when issuing from 
the bottle (fig. 7.): it is conveyed from a reservoir 
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through a tube, at the extremity of which it is 
lighted, and bums as long as the supply continues. 
There is, therefore, no occasion for a wick, or any 
other fuel whatever. 

EMILY. 

But how is this gas procured in such large 
quantities ? 

MRS* B. 

It is obtained from coal by distillation, and 
sometimes &om oil. Coal, when exposed to heat 
in a close vessel, is decomposed ; and hydrogen, 
which is one of its constituents, rises in the state 
of gas, combined with another of its component 
parts, carbon, forming a compound gas, called 
carburetted hydrogen^ the nature of which we shall 
again have an opportunity of noticing when we 
treat of carbon. This gas, like hydrogen, is per- 
fectly transparent, invisible, and highly inflam- 
mable ; and, in burning, it emits that vivid light 
which you have so often observed. 

CAROLINE. 

And does the process for procuring it require 
nothing but heating the coals, and conveying the 
gas through tubes ? 

MRS. B. 

^Nothing more ; except that the gas must be made 
to pass, immediately at its formation, through two 
or three large vessels of water, in which it deposits 
water, tar, and oil, and some other ingredients 

R 2 
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which also arise from the distillation of coals. 
The gas-light apparatus, therefore, consists simply 
in a large iron vessel, in which the coab are ex- 
posed to the heat of a furnace, — some reservoirs 
of water, in which the gas deposits its impurities, — 
and tubes that convey it to the desired spot, being 
propelled with uniform velocity through the tubes 
by means of a certdn degree of pressure which is 
made u|)on the reservoir* 

EMILY. 

Then, besides the advantage of the gas, tar and 
oil are obtained from the coal, and these are very 
valuable products. 

MRS. B. 

True; but the most important is the residue 
of the coal itself, which, after having given out 
the gas, with a certain portion of tar and oil, is 
transformed into a body called cokey which con- 
sists of carbon, with some earthy and saline ingre- 
dients, and burns without flame or smoke. This 
substance is much used in manufactories, and is 
for many purposes preferred to coal. 

EMILY. 

How admirably all this is contrived 1 

MRS. B. 

For the purpose of lighting streets, offices, shops, 
and public places, it far surpasses any former in- 
yention ; but in regard to the interior of private 
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houses, this mode of lighting has not yet been 
found generally desirable* It may, however, be 
considered as one of the happiest applications of 
chemistry to the comforts of life, and even to the 
morals of large cities, where, in consequence of 
the streets being so admirably lighted in even the 
darkest nights, crime is more easily detected, and 
therefore of less frequent occurrence. Gas lights 
are excellent policemen. 

But I have another experiment to show you 
with hydrogen gas, which, I think, will entertain 
you. Have you ever blown bubbles with soap 
and water ? ^ 

EMILY. 

Yes, often, when I was a child ; and I used to 
make them float in the air by blowing them up- 
wards. 

MBS. B. 

We shall fill some such bubbles with hydrogen 
gas, instead of atmospheric air, and you will see 
with what ease and rapidity they will ascend, from 
the lightness of the gas, without the assistance of 
blowing. — Will you mix some soap and water, 
whilst I fill this bladder with the gas contained 
in the receiver which stands on the shelf in the 
water-bath? (Plate XII. fig. 1.) 

^ CABOLINE. 

What is the use of the brass stopper and turn- 
cock at the top of the receiver ? 

B 3 
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MBS. B. 

It 13 to afford a passage to the gas^ when 
required. There is, you see, a similar stopcock 
fastened to this bladder, which is made to fit that 
on the receiver. I screw them one on the other, 
and now turn the two cocks, to open a commu- 
nication between the receiver and the bladder; 
then, by sliding the receiver off the shelf, and 
gently sinking it into the bath, the water rises in 
the receiver, and forces the gas into the bladder. 

CAROLINE. 

Yes, I see the bladder swell as the water rises 
in the receiver. 

aIRS. B. 

I think that we have already a sufficient quantity 
in the bladder for our purpose : we must be care- 
ful to stop both the cocks before we separate the 
bladder from the receiver, lest the gas should 
escape. — Now I must fix a pipe to the stopper 
of the bladder, and by dipping its mouth into the 
soap and water, take up a few drops; then I again 
turn the cock, and squeeze the bladder, in order 
to force the gas into the soap and water at the 
mouth of the pipe. (Plate XIL fig. 2.) 

EMILY. 

There is a bubble : but it bursts before it leaves 
the mouth of the pipe. 

MRS. b. 

TTe must have patience, and try again : it is not 
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SO easy to blow bubbles by means of a bladder, as 
simply with the breath. 

CAROLINE. 

Perhaps there is not soap enough in the water. 
I should have had warm water; it would have 
dissolved the soap better. Does not some of the 
gas escape between the bladder and the pipe ? 

MRS. B. 

No, they are perfectly air-tight ; we shall suc- 
ceed presently, I dare say. 

CAROLINE. 

Now a bubble ascends ; it moves with the ra- 
pidity of a balloon. How beautifully it jefracts 
the light ! 

EMILT. 

It has burst against the ceiling. You succeed 
now wonderfijlly ; there is another — and another 
— ^but why do they all ascend and burst against 
the ceiling ? 

MRS. B. 

Hydrogen gas is so much lighter than atmo- 
spherical ah:, that it ascends rapidly with its very 
light envelope, which is burst by the force with 
which it strikes the ceiUng. 

Air-balloons are filled with this gas, and, if 
they carried no other weight than their covering, 
would ascend as rapidly as these bubbles. 

B 4 
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CAROLINE. 

Yet their covering must be much heavier than 
that of these bubbles ? 

Not in proportion to the quantity of gas they 
contain. I do not know whether you have ever 
been present at the filling of a large balloon. The 
apparatus for that purpose is very simple. It con- 
sists of a number of vessels, either jars or barrels, 
in which the materials for the formation of the gas 
are mixed, each of these being furnished with a 
tube, and communicating with a long flexible pipe, 
which conveys the gas into the balloon. 

EMILY. 

Fire-balloons are constructed, I suppose, on a 
different principle ? 

Yes, they were the first balloons invented, but 
have been since abandoned on account of their 
danger. They were filled simply with atmospheri- 
cal air, considerably rarefied by heat; and the 
necessity of having a fire underneath the balloon, 
in order to preserve the rarefaction of the air 
within it, was the circumstance productive of so 
much risk. 

If you are not yet tired of experiments, I have 
another to show you. It consists in filling soap 
bubbles with a mixture of hydrogen and oxygen 
gases, in the proportions which form water, and 
afterwards setting fire to them. 
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EMILY. 

They will detonate, I suppose, at the moment 
of combination of the two gases ? 

MRS. B. 

Yes, they will. As you have seen the method 
of transferring the gas from the receiver into the 
bladder, it is not necessary to repeat it. I have 
therefore provided a bladder which contains a due 
proportion of oxygen and hydrogen gases, and we 
have only to blow bubbles with it. 

CAROLINE. 

Here is a fine large bubble rising: — shall I set 

fire to it with a candle ? 

« 

MRS. B. 

K you please. 

CAROLINE. 

What an explosion ! — It was like the report of 
a gun : I confess it frightened me. I never should 
have imagined it could have been so loud. 

EMILY. 

And the flash was as vivid as lightning. 

MRS. B. 

The combination of the two gases takes place 
during that instant of time in which you see the 
flash, and hear the detonation. 

EMILY. 

This has a strong resemblance to thunder and 
lightning. 
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MRS. B. 

Thunder and lightning, however, are generally 
of an electrical nature. Yet various meteorological 
efTectd may probably be attributed to accidental 
detonations of hydrogen gas in the atmosphere; 
for nature abounds with hydrogen : it constitutes, 
you know, a very considerable porti<m of the 
whole mass of water belonging to our globe, and 
from that source almost every other body obtains 
it. It enters into the composition of all animal 
substances, and of a great number of minerals ; 
but it is most abundant in v^etables. From this 
immense variety of bodies it is often spontane- 
ously disengaged ; its great ^vity makes it rise 
into the superior regions of the atmosphere ; and 
when, either by an electrical spark, or any casual 
elevation of temperature, it takes fire, it produces 
such meteors or luminous appearances as are oc- 
casionally seen in the atmosphere. Of this kind 
are probably those broad flashes which we often 
see on a summer evening, without hearing any 
detonation. 

EMILY. 

Every flash, I suppose, must produce a quantity 
of water? 

CAROLINE. 

And this water naturally descends in the form 
of rain ? 

MRS. B. 

That probably is often the case, though it is 
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not a necessary consequence ; for the water may 
be dissolved by the atmosphere, as it descends 
towards the lower regions, and remain there in 
the form of clouds. 

The application of electrical attraction to che- 
mical phenomena is likely to lead to many very 
interesting discoveries in meteorology; for elec- 
tricity evidently acts a most important part in the 
atmosphere. This subject, however, is, as yet^ 
not suflSciently developed for me to venture en- 
larging upon it. The phenomena of the atmo- 
sphere are far from being well understood ; and 
even with the little that is known I am but im- 
perfectly acquainted. 

But before we take leave of hydrogen, I must 
not omit to mention to you a most interesting 
discovery of Sir H. Davy, which is connected 
with this subject. 

CAROLINE. 

You allude, I suppose, to the miner's lamp, 
which has been so much talked of? I have long 
been desirous of knowing what that discovery was, 
and what purpose it was intended to answer. 

MRS. B. 

It often happens in coal-mines, that quantities of 
the gas called by chemists carburetted hydrogen^ or 
by the miners^r^-rfflr?w/> (the same from which the 
gaslights are obtained), ooze out from fissures in 
the beds of coal, and fill the cavities liv. \q\AK}DL>icw^ 
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men arc at work : and this gas being inflammable, 
when the men approach those places with a lighted 
candle, the gas takes fire, and explosions happen 
which destroy the men and horses employed in 
that part of the colliery, sometimes in great 
numbers. 

EMILY. 

What tremendous accidents these mast be? 
But whence does that gas originate ? 

EMILY. 

Being the chief product of the combustion of 
coal, no wonder that inflammable gas should occa- 
sionally appear in situations in which this mineral 
abounds, since there can be no doubt that processes 
of combustion are frequently taking place at a 
great depth under the surface of the earth ; and, 
therefore, those accumulations of gas may arise 
either from combustions actually going on, or from 
former combustions, the gas haying perhaps been 
confined there for ages. 

CAROLINE. 

And how does Sir H. Davy's lamp prevent 
those dreadful explosions ? 

MRS. B. 

By a contrivance equally simple and ingenious ; 
and which does no less credit to the philosophical 
views from which it was deduced, than to the 
philanthropic motives from which the enquiry 
sprung. The principle of the lamp is shortly 
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this : — It was ascertained some years previously, 
both by Mr. Tennant, and by Sir Humphry him- 
self^ that the combustion of inflammable gas could 
not be propagated through small tubes ; so that if 
a jet of an inflammable gaseous mixture, issuing 
from a bladder, or any other vessel, through a 
small tube, be set fire to it burns at the orifice of 
the tube, but the flame never penetrates into the 
vessel. It is upon this fact that Sir Humphry's 
safety^lamp is founded. 

EMILY. 

But why does not the flame penetrate through 
the tube into the vessel from which the gas issues, 
BO as to explode at once the whole of the gas ? 

MBS. B. 

Because the inflamed gas Is so much cooled in 
its passage through a small tube as to cease to 
bum before the combustion reaches the reservoir. 

CABOLINE. 

And how can this principle be applied to the 
construction of a lamp ? 

MRS. B. 

Nothing easier. You need only suppose a lamp 
enclosed all round in glass or horn, but having 
a number of small open tubes at the bottom, and 
others at the top, to let the air in and out. Now, 
if such a lamp or lantern be carried into an atmo- 
sphere capable of exploding, an explosion or com* 
bustion of the gas will take place within the lamp^ 
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and although the vent afforded bj the tubes will 
save the lamp from bursting, yet, from the prin- 
dple just explained, the combustion will not be 
propagated to the external air through the tubes, 
so that no farther consequence will ensue. 

EMILY. 

And is that all the mystery of this valuable 
lamp? 

MRS* B* 

No : in the early part of the enquiry a lamp of 
this kind was actually proposed ; but it was but a 
rude sketch compared to its present state of im- 
provement. Sir H. Davy conceived the idea that 
if the lamp were surrounded by a wire-work or 
wire gauze, of a close texture, instead of a glass 
or horn, the tubular contrivance I have just de- 
scribed would be entirely superseded, since each of 
the interstices of the gauze would act as a tube in 
preventing the propagation of explosion ; so that 
this pervious metallic covering would answer the 
various purposes of transparency, of permeability 
to air, and of protection against explosion. This 
idea he immediately submitted to the test of ex- 
periment, and the result answered his most san- 
guine expectations, both in his laboratory, and in 
the collieries, where it is now in extensive use. 
And he had the happiness of knowing that his 
invention was the means of saving every year a 
number of lives, which would have been lost in 
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digging out of the bowels of the earth one of the 
most valuable necessaries of life. Here is one of 
these lamps^ every part of which you will at once 
comprehend, (See Plate XIIL fig. 1.) 

CAROLINE. 

How very simple and ingenious I But I do not 
yet well see why an explosion taking place within 
the lamp should not communicate to the external 
air around it^ through the interstices of the wire. 

MBS. B. 

This has been and is still a subject of wonder, 
even to philosophers; and the only mode they 
have of explaining it is^ that fiame or ignition 
cannot pass through a fine wire-work^ because 
the metallic wire cools the flame suflSciently to 
extinguish it in passing through the gauze. This 
property of the wire-gauze is quite similar to that 
of the tubes which I mentioned on introducing 
the subject ; for you may consider each interstice 
of the gauze as an extremely short tube of a very 
small diameter. 

EMILY. 

But I should expect the wire would often be- 
come red-hot, by the burning of the gas within 
the lamp. 

MBS. B. 

And this is actually the case, for the top of the 
lamp is very apt to become red-hot. But, fortu- 
nately, such inflammable gaseous mixtures as ar^ 
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found in the mines cannot be exploded by red-hot 
wire, the intervention of actual flame being re- 
quired for that purpose ; so that the wire docs not 
set fire to the explosive gas around it. 

EMILY. 

I can understand that ; but if the wire be red- 
hot, how can it cool the flame within, and prevent 
its passing through the gauze ? 

MRS. B. 

The gauze, though red-hot, is not so hot as the 
flame by which it has been heated ; and as metallic 
wire is a good conductor, the heat does not much 
accumulate in it, as it passes off quickly to the 
other parts of the lamp, as well as to any con-^ 
tiguous bodies. 

CAROLINE. 

This is indeed a most interesting discovery, and 
one which shows at once the immense utility with 
which science may be practically applied to some 
of the most important purposes. 
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CONVERSATION IX. 

ON SULPHUR AND PHOSPHORUS. 



MRS. B. 

We shall now proceed to the second division of 
the third Class, comprehending the bodies forming 
acids by their combination with oxygen. Of these 
we have already noticed Nitrogen. 

EMILY. 

But you have said nothing of its properties as 
an acid. 

MRS. B. 

Because we considered it, as we shall do the 
other elementary bodies, first in their simple state. 
When we treat of compound bodies, we shall ex- 
amine them in their combination with oxygen, 
and describe their properties as acids. 

Sulphur is the next substance that comes under 
our consideration. It diflfers in one essential point 
from the preceding, as it exists in a solid form at 
the temperature of the atmosphere. 

CAROLINE. 

I am glad that we have at last a solid body to 
examine ; one that we can see and touch. Sulphur 
VOL. I. S 
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must be an inflammable body, for the points of 
matches are covered with it, to make them easily 
kindle ? 

MRS. B. 

Yes, it 18. It is seldom discovered in nature in 
a pure unmixed state ; so great is its aflSnity for 
other substances, that it is almost constantly found 
combined with some of them. It is most commonly 
united with metals, under various forms, and is 
separated from them by a very simple process. 
It exists, likewise, in many mineral waters, and 
some vegetables yield it in various proportions, 
especially those of the cruciform tribe. It is also 
found in animal matter ; in short, it may be dis- 
covered in greater or less quantity in the mineral, 
vegetable, and animal kingdoms. 

EMILY. 

I have heard oi flowers of sulphur ; are they the 
produce of any plant ? 

MBS. B. 

By no means: they consist of nothing more 
than common sulphur, reduced to a very fine 

« 

powder, by a process called 5 w^Zzwza^/ow. — You see 
some of it in this phial ; it is exactly the same 
substance as this lump of sulphur, only its colour 
is a paler yellow, owing to its state of very minute 
division, 

EMILY. 

Pray what is sublimation ? 
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MRS. B. 

It is the evaporation, or, more properly speak- 
ing, the volatilisation, of solid substances, which, 
in cooling, condense again in a concrete form. 
The process, in this instance, must be performed 
in a closed vessel, both to prevent combustion, 
which would take place if the access of air were 
not carefully precluded, and likewise, in order to 
collect the substance after the operation. As it is 
rather a slow process, we shall not try the experi- 
ment now ; but you will understand it perfectly 
if I show you the apparatus used for the purpose. 
(Plate XIV. fig. 1.) Some lumps of sulphur are 
put into a receiver of this kind, which is called a 
cucurbit Its shape, you see, somewhat resembles 
that of a pear, and it is open at the top, so as to 
adapt itself exactly to a kind of conical receiver of 
this sort, called the head. The cucurbit, thus 
covered with its head, is placed over a sand-bath : 
this is nothing more than a vessel full of sand, 
which is kept heated by a furnace, such as you see 
here, so as to preserve the apparatus in a moderate 
and uniform temperature. The sulphur then soon 
begins to melt, and immediately after this a thick 
white smoke rises, which is gradually deposited 
within the head or upper part of the apparatus, 
where it condenses against the sides, somewhat in 
the form of a vegetation, whence it has obtained 
the name of flower of sulphur. This apparatus, 
which is called an alembic^ is highly useful in all 

8 2 
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kinds of distillations^ as you will find when we 
come to treat of those operations. Alembics are 
not commonly made of glass, like this, which is 
applicable only to distillations upon a very small 
scale. Those used in manufactories are usually 
made of copper, and are considerably larger. The 
general construction, however, is always the same, 
although their shape admits of some variation. 

CAEOLINE. 

What is the use of that neck, or tube, which 
bends down from the upper piece of the appa- 
ratus? 

MBS. B. 

It is of use only in distillations, the object of 
which is to evaporate, by heat, in closed vessels, 
the volatile parts of a compound body, and to con- 
dense them again into a liquid. This tube carries 
off the condensed fluid, which otherwise would 
fall back into the cucurbit. But this is rather 
foreign to our present subject. Let us return to 
the sulphur. You now perfectly understand, I 
suppose, what is meant by sublimation ? 

EMILY. 

I believe I do. Sublimation appears to consist 
in destroying, by means of heat, the attraction of 
aggregation of the particles of a solid body, which 
are thus volatilised ; and as soon as they lose the 
caloric which produced that effect, they are de- 
posited in the form of a fine powder. 
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CAROLINE. 

It seems to me to be somewhat similar to the 
transformation of water into vapour, which returns 
to its liquid state when deprived of caloric. 

EMILY. 

There is this difference, however, that the sul- 
phur does not return to its former state, since, in- 
stead of lumps, it changes to a fine powder. 

MRS. B. 

Chemically speaking, it is exactly the same sub- 
stance, whether in the form of lump or powder. 
There is no more difference between sulphur in 
lumps and in powder, than there is between lump 
and powdered sugar ; and if this powder be melted 
again by heat, it will, in cooling, be restored to 
the same solid state in which it was before its sub- 
limation. 

CAROLINE. 

But if there be no real change produced by the 
sublimation of the sulphur, what is the use of 
that operation ? 

MRS. B. 

It divides the sulphur into very minute parts, 
and thus disposes it to enter more readily into 
combination with other bodies. It is used also as 
a means of purification. 

CAROLINE. 

Sublimation appears to me like the beginning 

of combustion, for the completion of which one 
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circumstance only is wanting, the absorption of 



oxvj'en. 



MHS* B« 

But that circomstance is every thing. No es- 
sential alteration is produced in sulphur by sub- 
limation ; whilst in combustion it combines with 
the oxygen, and forms a new compound totally 
different in every respect from sulphur in its pure 
state. — We shall now hum some sulphur, and you 
will see how very different the result will be. For 
this purpose I put a small quantity of flower of 
sulphur into this cup, and place it in a dish, into 
which I have poured a little water : I now set fire 
to the sulphur with the point of this hot wire ; for 
its combustion will not begin unless its temperature 
be considerably raised. — You see that it bums 
with a faint bluish flame ; and as I invert over it 
this receiver, white fumes arise from the sulphur, 
and fill the vessel, — You will soon perceive that 
the water is rising within the receiver, a little 
above its level in the plate. — Well, Emily, can 
you account for this ? 

EMILY. 

I suppose that the sulphur has absorbed the 
oxygen from the atmospherical air within the re- 
ceiver, and that we shall find some oxygenated 
sulphur in the cup. As for the white smoke, I 
am quite at a loss to guess what it may be. 

MRS. B. 

Your first conjecture is very right ; but you are 
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mistaken in the last ; for nothing will be left in 
the cup. The white vapour is the oxygenated 
sulphur^ which assumes the form of an elastic fluid 
of a pungent and offensive smell, and is a power- 
ful acid. Here you see a chemical combination of 
oxygen and sulphur, producing a gas, which would 
continue such, under the pressure and at the tem- 
perature of the atmosphere, if it did not unite 
with the water in the plate, to which it imparts its 
acid taste, and all its acid properties. — You see, 
now, with what curious* effects the combustion of 
sulphur is attended. 

CAROLINE. 

This is something quite new ; and I confess that 
I do not perfectly understand why the sulphur 
turns acid. 

MRS. B. 

It is because it unites with oxygen, which is the 
acidifying principle. And indeed, the word oxy- 
gen is derived from two Greek words signifying 
to produce an add, I believe it will be necessary, 
before we proceed further, to say a few words on 
the general nature of acids, though it is rather a 
deviation from our plan of examining the simple 
bodies separately, before we consider them in a 
state of combination. 

Acids may be considered as a peculiar class of 
burnt bodies, which during their combustion, or 
combination with oxygen, have acquired very 

84 
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characteristic properties. They are chiefly dis- 
cernible by their sour taste, and by turning red 
most of the blue vegetable colours. These two 
properties are common to the whole class of acids; 
lut each of them is distinguished by other peculiar 
qualities. Every acid consists of some particular 
substance, (which constitutes its basis, and is dif- 
ferent in each,) and of oxygen, which is common 
to them alL Oxygen can, however, no longer be 
considered as the sole generator of acids : chlorine, 
iodine, brome, and fluorine, having been found to 
possess, though in a much less degree, the same 
property. The part they perform as acidifying 
principles is, indeed, so insignificant in comparison 
to that of oxygen, that we shall continue to con- 
sider the latter as the general, though no longer 
the exclusive, generator of acids. 

EMILY. 

But I do not clearly sec the difference between 
acids and oxides. 

MBS. B. 

Acids were, in fact, oxides, which, by the addi- 
tion of a suflSicient quantity of oxygen, have been 
converted into acids. For acidification, you must 
observe, generally implies previous oxidation, as a 
body must have combined with the quantity of 
oxygen requisite to constitute it an oxide, before 
it can combine with the greater quantity which is 
necessary to render it an acid. 
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CAROLINE. 

Are then all oxides capable of being conrerted 
into acids ? 

MRS. B. 

Very far from it ; it is only certain substances 
which will enter into that peculiar kind of union 
with oxygen that produces acids^ and the number 
of these is proportionally small ; but all burnt 
bodies may be considered as belonging either to 
the class of oxides, or to that of acids. At a future 
period we shall enter more at large into this sub- 
ject. At present, I have but one circumstance 
further to point out to your observation respecting 
acids : it is, that most of them are susceptible of 
two degrees of acidification, according to the dif- 
ferent quantities of oxygen with which their basis 
combines. 

EMILY. 

And how are these different degrees of acidi- 
fication distinguished ? 

MRS. B. 

By the peculiar properties which result from 
them. The acid we have just made is the first or 
weakest degree of acidification, and is called suU 
phurousacid; if it were fully saturated with oxy- 
gen, it would be called sulphuric acid. You must 
therefore remember that in this, as in all acids, 
the first degree of acidification is expressed by the 
termination in ous ; the stronger by the termina- 
tion in ic. 
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CABOLINE. 

And how Is the sulphuric acid made ? 

MBS. B. 

By burning sulphur, over water, in pure oxygen 
gas, and thus rendering its combustion much more 
complete. I have provided some oxygen gas for 
this purpose; it is in that bottle ; but we must first 
decant the gas into the glass receiver which stands 
on the shelf in the bath, and is full of water. 

CAROLINE. 

Pray let me try to do it, Mrs. B. 

MRS. B. 

It requires some little dexterity ; hold the bottle 
completely under water, and do not turn the 
mouth upwards till it is immediately under the 
aperture in the shelf, through which the gas is to 
pass into the receiver, and then turn it up gradu- 
ally. Very well; you have only let a few bubbles 
escape, and that must be expected on a first trial. 
Now I shall put this piece of sulphur into the 
receiver, through the opening at the top, and 
introduce along with it a small piece of lighted 
tinder to set fire to it. This requires being done 
very quickly, lest the atmospherical air should ob- 
tain entrance and mix with the pure oxygen gas. 

EMILY. 

How beautifully it bums I 
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CAROLINE. 

But it IS already buried in the thick vapour. 
This, I suppose, is sulphuric acid ? 

EMILY. 

Are these acids always in a gaseous state ? 

MRS. B. 

Sulphurous acid, as we have already observed, 
is a permanent gas under the usual pressure, and 
at the usual temperature of the atmosphere. But 
an additional pressure, accompanied by artificial 
cold, soon reduces it to a liquid state. When 
pure, it is invisible, and it now appears in the form 
of a white smoke, from its combining with the 
moisture. But the vapour of sulphuric acid, which 
you have just seen to rise during the combustion, 
condenses into liquid sulphuric acid, by losing its 
caloric. It appears, however, from Sir H. Davy's 
experiments, that this formation and condensation 
of sulphuric acid requires the presence of water, 
for which purpose the vapour is received into cold 
water, which may afterwards be separated from 
the acid by evaporation. 

Before we quit the subject of sulphur, I must 
tell you that it is susceptible of combining with 
a great variety of substances, and especially with 
hydrogen, with which you are already acquainted. 
Hydrogen gas can dissolve a small portion of it. 

EMILY. 

What ! can a gas dissolve a solid substance ? 
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Yes; a solid substance may be so minutely 
divided by heat as to become soluble in gas ; and 
of this there are several instances. But you must 
observe that^ in the present case, a chemical union 
or combination of the sulphur with the hydrogen 
gas is produced. In order to effect this, the sul- 
phur must be strongly heated in contact with the 
gas ; the heat reduces the sulphur to such a state 
of extreme division, and diffuses it so thoroughly 
through the gas, that they combine, and incor- 
porate together. And as a proof that there must 
be a chemical union between the sulphur and the 
gas, it is sufficient to remark that they are not 
separated when the sulphur loses the caloric by 
which it was volatilised. Besides, it is evident 
from the peculiar fetid smell of this gas, that it is 
a new compound, totally different from either of 
its constituents ; it is called sulphuretted hydrogen 
gasy and is contained in great abundance in sul- 
phurous mineral waters. 

CAROLINE. 

Are not the Harrowgate waters of this nature ? 

MRS. B. 

Yes ; they are naturally impregnated with sul- 
phuretted hydrogen gas, and there are many other 
springs of the same kind ; which shows that this 



SULPHUR. 269 

gas must often be formed in the bowels of the 
earth by spontaneous processes of nature. 

CAROLINE. 

Then could not such waters be made artificially 
by impregnating common water with this gas ? 

MRS. B. 

Yes ; they can be so well imitated, as perfectly 
to resemble the Harrowgate waters. 

Sulphur combines likewise with phosphorus, 
and with the alkalies and alkaline earths, sub- 
stances with which you are yet unacquainted. We 
cannot, therefqre, enter into these combinations 
at present. In our next lesson we shall treat of 
phosphorus. 

EMILY. 

May we not begin that subject to-day ? This 
lesson has been so short. 

MRS. B. 

I have no objection, if you are not tired. What 
do you say, Caroline ? 

CAROLINE. 

I am as desirous as Emily of prolonging the 
lesson to-day, especially as we are to enter on a 
new subject ; for I confess that sulphur has not 
appeared to me so interesting as the other simple 
bodies. 
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MRS. B. 

Perhaps you may find phosphorus more enter- 
taining. You must not, however, be discouraged 
when you meet with some parts of a study less 
amusing than others; it would answer no good 
purpose to select the most pleasing parts, since, if 
we did not proceed with some method. In order 
to acquire a general idea of the whole, we could 
scarcely expect to take interest in any particular 
subjects. 

PHOSPHORUS. 

Phosphorus is considered as a simple body ; 
though, like sulphur, it has been suspected of con- 
taining hydrogen. It was not known by the earlier 
chemists. It was first discovered by Brandt, a che- 
mist of Hamburgh, whilst employed in researches 
after the philosopher's stone ; but the method of 
obtaining it remained a secret till it was a second 
time discovered both by Kunckel and Boyle, in 
the year 1680. You see a specimen of phosphorus 
in this phial ; it is generally moulded into small 
sticks of a yellowish colour, as you find it here. 

CAROLINE. 

I do not understand in what the discovery con- 
sisted : there may be a secret mode of making 
an artificial composition ; but how can you talk 
of making a substance which naturally exists ? 

MRS. B. 

A body may exist in nature so closely combined 
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with other substances as to elude the observation 
of chemists, or render it extremely difficult to 
obtain it in its separate state. This is the case 
with phosphorus, which is always so intimately 
combined with other substances, that its existence 
remained unnoticed till Brandt discovered the 
means of obtaining it free from other combina- 
tions. It is found in all animal substances, and is 
now chiefly extracted from bones, by a chemical 
process. It exists, also, in some plants which 
bear a strong analogy to animal matter in their 
chemical composition. 

EMILY. 

But is it never found in its pure separate state ? 

MRS. B. 

Never ; and this is the reason that it remained 
so long undiscovered. 

Phosphorus is eminently combustible : it melts 
and takes fire at the temperature of one hundred 
degrees, and absorbs in its combustion nearly once 
and a half its own weight of oxygen. 

CAROLINE. 

What ! will a pound of phosphorus consume a 
pound and a half of oxygen ? 

MRS. B. 
So it appears from accurate experiments. I 
can show you with what avidity it combines with 
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oxygen^ by burning some of it in that gas. We 
must manage the experiment in the same manner 
as we did the combustion of sulphur. You see 
I am obliged to cut this little bit of phosphorus 
under water, otherwise there would be danger of 
its taking fire by the heat of my fingers. I now 
put it into the receiver, and kindle it by means of 
a hot wire. 

EMILY. 

^Vhat a blaze I I can hardly look at it. I never 
saw any thing so brilliant. Does it not hurt your 
eyes, Caroline ? 

CAROLINE. 

Yes ; but still I cannot help looking at it. A 
prodigious quantity of oxygen must, indeed, be 
absorbed, when so much light and caloric are 
disengaged ! 

MRS. B. 

In the combustion of a pound of phosphorus, 
a suflScient quantity of caloric is set free to melt 
upwards of a hundred pounds of ice : this has 
been computed by direct experiments with the 
calorimeter. 

EMILY. 

And is the result of this combustion, like that 
of sulphur, an acid ? 
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Yes ; phosphoric acid. And had we duly pro- 
portioned the phosphorus and the oxygen, they 
would have been completely converted into phos-^ 
phoric acid, weighing together, in this new state, 
exactly the sum of their weights sepa^tely. The 
water would have ascended into the receiver, on 
account of the vacuum formed, and would have 
filled it entirely. In this case, as in the combus- 
tion of sulphur, the acid vapour formed is absorbed 
and condensed in the water of the receiver. But 
when this combustion is performed without any 
water or mobture being present, the acid then ap- 
pears in the form of concrete whitish flakes, which 
are, however, extremely ready to melt upon the 
least admbsion of mobture. 

EMILY. 

Does phosphorus, in burning in atmospherical 
air, produce, like sulphur, a weaker sort of the 
same acid. 

kks. b. 

No ; for it bums in atmospherical air nearly at 
the same temperature as in pure oxygen gas ; and 
it is in both cases so strongly disposed to combine 
with the oxygen, that the combustion is perfect^ 
and the product similar ; only in atmospherical air, 
being less rapidly supplied with oxygen, the pro- 
cess is performed in a slower manner. 

VOL. !• X 



Ah 



CASOLEEE. 

Bat b there no mediod of acs£^piiig phoephoms 
in a digiiter manner^ so aa to fixm pka^phanms 
add? 



Yes^ tbere ik Whe& sbnplj exposed to the 
atmospliere^ phoffphonis uiuiei^goeft a kind of alow 
oamboadon at anj tempentnze above zenx. 



Is not the procesB in this CMse rather an oxida- 
tion thaa a combuadon ? For if the oxygen be 
too slowly ab«)rt)ed f4»r asenable q[iiantity of light 
and heat to be disengaged, it cannot be a true 
eombnadon. 



The case is not as yoa suj^Mse : a £unt light is 
emitted, which is Tery disceniible in the dari^; 
hot the heat eroWed is not sufficiently strong to 
besenable: a whitish yapour arises firom this com- 
bustion, which, uniting with water, condenses into 
liquid phosphorous add. 

CABOUKE. 

Is it not Tery singnlar that phosphorus diould 
bum at 80 low a temperature in atmospherical air, 
whilst it does not bum in pure oxygen without 
the apjdicationof heat? 

KRS. B. 

So it at first appears. But this drcumstance 
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seems to be owing to the nitrogen gas of the at- 
mosphere. This gas dissolves small particles of 
phosphorus, which, being thus minutely divided 
and diffused in the atmospherical air, combines 
with the oxygen, and undergoes this slow com- 
bustion. The same effect does not take place in 
oxygen gas, because it is not capable of dissolving 
phosphorus : it is therefore necessary, in Ihis case, 
that heat should be applied to effect that division 
of particles, which, in the former instance, is pro- 
duced by the nitrogen. 

EMILY. 

I have seen letters written with phosphorus 
which are invisible by day-light, but may be read 
in the dark by their own light. They look as if 
they were written with fire ; yet they do not seem 
to burn. 

MRS. B. 

But they do really bum ; for it is by their slow 
combustion that the light is emitted; and phos- 
phorous acid is the result of this combustion. 

Phosphorus is sometimes used as a test to esti- 
mate the purity of atmospherical air. For this 
purpose it is burnt in a graduated tube, called an 
Eudiometer (Plate XIV. fig. 2.), and the propor- 
tion of oxygen in the air examined is deduced from 
the quantity of air which the phosphorus absorbs ; 
for the phosphorus will absorb the whole of the 
oxygen, and the nitrogen alone will remain. 

T 2 
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EMILY. 

And the more oxygen is contained in the atmo- 
sphere, the purer, I suppose, it is considered ? 

MRS* B« 

Certainly. Phosphorus, when melted, combines 
with a great variety of substances. With sulphur 
it forms a compound so extremely combustible 
that it immediately takes fire on coming in con- 
tact with the air. It is with this composition that 
phosphoric matches are prepared, which kindle as 
soon as they are taken out of their case and are 
exposed to the air. 

EMILY. 

I have observed that, in very cold weather, 
these matches often will not take fire without 
being previously rubbed. 

MRS. B. 

By rubbing them you raise their temperature ; 
for you know friction is one of the means of ex- 
tricating heat. 

EMILY. 

Will phosphorus, like sulphur, combine with 
hydrogen gas ? 

MHS< B. 

Yes ; and the compound gas which results from 

this combination has a smell still more fetid than 

the sulphuretted hydrogen: it resembles that of 
garlic. 
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The phosphoretied hydrogen gas has this remark- 
able peculiarity, that it takes fire spontaneously 
in the atmosphere at any temperature. It is thus, 
probably, that are produced those transient flames, 
or flashes of light, called by the vulgar WilUof-the 
fVispy or, more properly, Ignes fatuiy which are 
often seen in churchyards, and places where the 
putrefactions of animal matter exhale phosphorus 
and hydrogen gas, 

CAROLINE. 

Country people, who are so much frightened by 
those appearances, would soon be reconciled to 
them, if they knew from what a simple cause they 
proceed. 

MBS. B. 

There are other combinations of phosphorus 
that have also very singular properties, particularly 
that which results from its union with lime. 

EMILY. 

Is there any name to distinguish the combin- 
ation of two substances, like phosphorus and lime^ 
neither of which is oxygen, and which cannot, 
therefore, produce either an oxide or an acid ? 

MBS. B. 

The names of such combinations are composed 
of those of their ingredients merely with a slight 
change in their termination. Thus the combin- 
ation of sulphur with lime is called a su?T^{tutet> 

T 3 
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and that of phosphorus, a phosphoret of lime. 
This latter compound, I was going to say, has the 
singular property of decomposing water, merely 
by being thrown Into it. It effects this by ab- 
sorbing the oxygen of water, in consequence of 
which bubbles of hydrogen gas ascend, holding in 
solution a small quantity of phosphorus. 

EMILY. 

These bubbles, then, are phosphoretted hydrogen 
gas? 

MRS. B. 

Yes ; and they produce the singular appearance 
of a flash of fire issuing from water, as the bubbles 
kindle and detonate on its surface, at the Instant 
they come In contact with the atmosphere. 

CAROLINE. 

Is not this effect nearly similar to that produced 
by the combination of phosphorus and sulphur, or, 
more properly speaking, the phosphoret of sulphur ? 

MRS. B. 

Yes : but the phenomenon appears more extra- 
ordinary In this case, from the presence of water, 
and from the gaseous form of the combustible 
compound. Besides, the experiment surprises by 
Its great simplicity. You only throw a piece of 
phosphoret of lime Into a glass of water, and 
bubbles of fire Immediately issue from It. 

CAROLINE. 

Cannot we try this experiment ? 
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MBS. B. 

Very easily ; but we must do it in the open air ; 
for the smell of the phosphoretted hydrogen gas 
is so extremely fetid, that it would be intolerable 
in the house. But before we leave the room, we 
may produce, by another process, some bubbles of 
the same gas, which are much less offensive. 

There is in this little glass retort a solution of 
potash in water ; I add to it a small piece of phos- 
phorus. We must now heat the retort over the 
lamp, after having engaged its neck under water 
— you see it begins to boil ; in a few minutes 
bubbles will appear, which take fire and detonate 
as they issue from the water. 

CABOLINE. 

There is one — and another. How curious it is 
— But I do not understand how this is produced. 

MBS. B. 

It is the consequence of a display of affinities 
too complicated, I fear, to be made perfectly intel- 
ligible to you at present. 

In a few words, the reciprocal action of the 
potash, phosphorus, caloric, and water, are such, 
that some of the water is decomposed, and the 
hydrogen gas thereby formed carries off minute 
particles of phosphorus, with which it forms phos- 
phoretted hydrogen gas, a compound which spon- 
taneously takes fire at almost any temperature. 

T 4 
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EMILY. 

What is that circular ring of smoke which slowly 
rises from each bubble after its detonation ? 

MBS* B* 

It consists of water and phosphoric acid in 
vapour^ which are produced by the combustion of 
hydrogen and phosphorus. 
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CONVERSATION X. 

ON CARBON. 



CAROLINE. 

To-day, Mrs. B., I believe we are to learn the 
nature and properties of Carbon. This substance 
is quite new to me ; I never heard it mentioned 
before. 

MRS. B. 

Not BO new as you imagine ; for carbon is no- 
thing more than charcoal in a state of purity ; that 
is to say, unmixed with any foreign ingredients. 

CAROLINE. 

But charcoal is made by art, Mrs. B., and how 
can a body consisting of one simple substance be 
fabricated ? 

MRS. B. 

You again confound the idea of making a 
simple body, with that of separating it from a 
compound. The chemical processes by which a 
simple body is obtained in a state of purity con- 
sist in unmaking the compound in which it is 
contained, in order to separate from it the simple 
substance in qu^etion. The method by whlck 
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charcoal is usually obtained is, indeed, commonly 
called making it ; but^ upon examination, yoa will 
find this process to consist simply in separating it 
from other substances with which it is found com- 
bined in nature. 

Carbon forms a considerable part of the solid 
matter of all organised bodies; but it is most 
abundant in the vegetable creation, and is chiefly 
obtained from wood. When the oil and water 
(which are other constituents of vegetable matter) 
are evaporated, the black, porous, brittle substance 
that remains, is charcoal. 

CAROLINE. 

But if heat be applied to the wood in order to 
evaporate the oil and water, will not the temper- 
ature of the charcoal be raised so as to make it 
burn ; and if it combines with oxygen, can we 
any longer call it pure ? 

MRS. B. 

I was going to add, that, in this operation, the 
air must be excluded. 

CAROLINE. 

How then can the vapour of the oil and water 
fly off? 

MRS. B. 

In order to produce charcoal in its purest state, 
(which is, even then, but a less imperfect sort of 
carbon,) the operation should be performed in an 
earthen retort. Heat beipg applied to the body 



CARBON. 283 

of the retort, the evaporable part of the wood will 
escape through its neck, into which no air can 
penetrate as long as the heated vapour continues 
to fill it. And if it be wished to collect these 
volatile products of the wood, this can easily be 
done by introducing the neck of the retort into 
the water-bath apparatus, with which you are ac- 
quainted. But the preparation of common char- 
coal, such as is used in kitchens and manufactures, 
is performed on a much larger Bcale, and by an 
easier and less expensive process. 

EMILY. 

I have seen the process of making common 
charcoal. The wood is ranged on the ground in a 
pile of a pyramidical form, with a fire underneath ; 
the whole being covered with clay, and a few holes 
only left for the circulation of air. 

MRS. B. 

These holes are closed as soon as the wood is 
fairly lighted, so that the combustion is checked, 
and continues in a very imperfect manner ; but 
the heat produced by it is suflicient to force out 
and volatilise, through the earthy cover, most 
part of the oily and watery principles of the wood, 
although it cannot reduce it to ashes. 

EMILY. 

Is pure carbon as black as charcoal ? 

MRS. B. 

The purest carbon we can prepare is so ; but 
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chemists have never yet been able to separate it 
entirely from hydrogen. Sir H. Davy says that 
the most perfect carbon prepared by art contains 
about five per cent, of hydrogen : he is of opinion^ 
that if we could obtain it quite free from foreign 
ingredients^ it would be metallic^ in common with 
other simple substances. 

But there is a form under which charcoal ap- 
pears, which will surprise you. — This ring I wear 
on my finger owes its brilliancy to a small piece 
of carbon. 

CAROLINE. 

Surely you are jesting, Mrs. B. — I thought 
your ring was diamond ? 

MRS. B. 

It is 80. But diamond is nothing more than 
carbon in a crystallised state. 

EMILY. 

That is astonishing ! Is it possible to see two 
things apparently more different than diamond 
and charcoal? It is curious to think that we 
adorn ourselves with jewels of charcoal ! 

MRS. B. 

There are many other substances, consisting 
chiefly of carbon, that are remarkably white. 
Cotton, for instance, is almost wholly carbon. 

CAROLINE. 

That, I own, I could never have imagined ! — 
But pray, Mrs. B., since it is known of what sub- 



CARBON. 285. 

stance diamond and cotton are composed, why 
should they not be manufactured, or imitated, by 
some chemical process, which would render them 
much cheaper, and more plentiful than the present 
mode of obtaining them ? 

MRS. B. 

On this principle you might as well, my dear, 
propose that we should make flowers and fruit, 
nay, perhaps even animals, by a chemical process ; 
for it is known of what these bodies consist, since 
every thing which we are acquainted with in na- 
ture is formed from the various simple substances 
that we have enumerated. But you must not 
suppose that a knowledge of the component parts 
of a body will in every case enable us to imitate 
it. It is much less difficult to decompose bodies, 
and discover of what materials they are made, 
than it is to recompose them. The first of these 
processes is called analysis^ the last synthesis. 
When we are able to ascertain the nature of a 
substance by both these methods, so that the result 
of one operation confirms that of the other, we 
obtain the most complete knowledge of it that we 
are capable of ac(][uiring. 

CAROLINE, 

That is to say, you can take the body to pieces 
and put it together again. 

MRS. B. 

True; this is the case with water, with the 
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auzja»{#bere, widi xaoct of tiie oxides^ acids» ind 
ceutnd ^alu, azMl viiii nnnj ocfacr oompoiiiid& 
But ibe ZDore oooaplicaxed oomtMutioos of nature, 
even in the mineral Idngdum^are in general beyond 
our reach, and anv attempt to imitate organised 
iKidics CiUst ever prove fruitless ; their formaticn 
is a secret which rests in the bosom of the Creator. 
You see, iLerefore, how vain it would be to at- 
tempt to make cotton bj chemical means. But, 
eureiy, we have no reason to regret our inability 
in this instance, when nature has so dearly pointed 
out a method of obtaining it in perfection and 
abundance. 

CABOUXE. 

I did not imagine that the prin(a|de of life could 
be imitated by the aid of chemistry ; but I thought 
that jierhapd chemists might attain a perfect imi- 
tation of inanimate nature. 

3IRS. B. 

They have succeeded in this point in a variety 
of instances ; but, as you justly observe, the prin- 
ciple of life, or even the minute and intimate 
organisation of the vegetable kingdom, are secrets 
which have almost entirely eluded the researches 
of philosophers ; nor do I imagine that human art 
will ever be capable of investigating them with 
complete success. 

EMILY. 

But diamond, since it consists of one simple. 
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unorganised substance, might be, one would think, 
perfectly imitable by art ? 

MRS. B. 

It is sometimes as much beyond our power to 
obtain a simple body in a state of perfect purity, 
as it is to imitate a complicated combination ; for 
the operations by which nature separates bodies 
are frequently as inimitable as those which she 
uses for their combination. This is the case with 
carbon ; all the efforts of chemists to separate it 
entirely from other substances have proved fruit- 
less, and in the purest state in which it can be 
obtained by art, it still retains a portion of hydro- 
gen, and probably of some other foreign ingre- 
dients. We are ignorant of the means which 
nature employs to crystallise it. It may possibly 
be the work of ages, to purify, arrange, and unite 
the particles* of carbon in the form of diamond. 
Here is some charcoal in the purest state in which 
we can procure it ; you see that it is a very black, 
brittle, light, porous substance, entirely destitute 
of either taste or smell. Heat, without air, pro- 
duces no alteration in it, as it is not volatile ; but^ 
on the contrary, it invariably remains at the 
bottom of the vessel after all the other parts of 
the vegetable are evaporated. 

EMILY. 

Yet carbon is, no doubt, combustible, since you 
say that charcoal would absorb oxygen if air were 
admitted during its preparation ? 
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CAROLINE. 

Unquestionably. Besides, you know, Emily, 
how much it is used in cooking. But pray what 
is the reason that charcoal bums without smoke, 
whilst a wood fire smokes so much ? 

MRS. B. 

Because, in the conversion of wood into char- 
coal, the volatile particles of the former have been 
evaporated. 

CAROLINE. 

Yet I have frequently seen charcoal bum with 
flame ; therefore it must in that case contain some 
hydrogen. 

MRS. B. 

You should recollect that charcoal, especially 
that which is used for common purposes, is not 
pure. It retains some remains of the various 
other component parts of vegetables, and hydro- 
gen, particularly, which accounts for the flame in 
question. 

CAROLINE. 

But what becomes of the carbon itself during 
its combustion ? 

MRS. B. 
It gradually combines with the oxygen of the 
atmosphere, in the same way as sulphur and phos- 
phorus ; and, like those substances, it is converted 
into a peculiar acid, which flies off in a gaseous 
form. The nature of this acid was first ascertained 
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by Dr. Blacky of Edinburgh, and called by him 
fixed cdr. It is now distinguished by the more 
appropriate name of carbonic acid gas. 

EMILY. 

Carbon, then, can be volatilised by burning, 
though by heat alone no such effect is produced ? 

MRS* B« 

Yes ; but then it is no longer simple carbon, 
but an acid of which carbon forms the basis. In 
this state carbon retains no more appearance of 
solidity or corporeal form than the basis of any 
other gas. And you may, I think, from this in- 
stance, derive a more clear idea of the basis of the 
oxygen, hydrogen, and nitrogen gases, the exist- 
ence of which, as real bodies, you seemed to doubt, 
because they were not to be obtained simply in a 
solid form. 

EMILY. 

That is true : we may conceive the basis of the 
oxygen, and of the other gases, to be solid, heavy 
substances, like carbon ; but so much expanded 
by caloric as to become invisible. 

CAROLINE. 

But does not the carbonic acid gas partake of 
the blackness of charcoal ? 

MRS. B. 

Not in the least. Blackness, you know, does 
not appear to be essential to carbon, and it is pure 
carbon, and not charcoal, that we must con&ld^x. ^^ 

YOU I. T3 
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the basis of carbonic acid. MVe shall make some 
carbonic acid, and, in order to hasten the process, 
we shall bum the carbon in oxygen gas. 

EMILY. 

But do 70U mean^ then, to bum diamond ? 

JdLRS. b. 

Charcoal will answer the purpose still better, 
being softer and more easy to inflame ; besides^ the 
experiments on diamond are rather too expensive. 

CAROLINE. 

But is it possible to bum diamond ? 

MRS. B. 

Yes, it is ; and, in order to effect this combustion, 
nothing more is required than to apply a suflScient 
degree of heat by means of the blow-pipe, and of 
a stream of oxygen gas. Indeed it is by bumino- 
diamond that its chemical nature has been ascer- 
tained. It has long been known as a combustible 
substance, but it is only at the beginning of the 
present century that the product of its com- 
bustion has been proved to be pure carbonic acid. 
This remarkable discovery was due to Mr. Ten- 
nant. 

Now let us try to make some carbonic acid. — - 
Will you, Emily, deqant some oxygen gas from 
this large jar into the receiver in which we are to 
bum the carbon ? and I shall introduce this small 
riece of charcoal, with a little lighted tinder, which 
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will be necessary to give the first impulse to the 
combustion. 

EMILY. 

I cannot conceive how so small a piece of tinder, 
and that but just lighted, can raise the temperature 
of the carbon suflBciently to set fire to it ; for it 
can produce scarcely any sensible heat, and it 
hardly touches the carbon. 

MRS. B. 

The tinder thus kindled has only heat enough 
to begin its own combustion, which, however, soon 
becomes so rapid in the oxygen gas, as to raise 
the temperature of the charcoal sufficiently for this 
to burn likewise, as you see is now the case. 

EMILY. 

I am surprised that the combustion of carbon is 
not more brilliant : it does not give out nearly so 
much light or caloric as phosphorus or sulphur. 
Yet since it combines with so much oxygen, why 
is not a proportional quantity of light and heat 
disengaged from the decomposition of the oxygen 
gas, and the union of its electricity with that of 
the charcoal ? 

MRS. B. 

It is not surprising that less light and heat should 

be liberated in this than in almost any other com» 

bustion, since the oxygen, instead of entering into 

a solid or liquid combination, as it does in the 

phosphoric and sulphuric acids, is employed in 
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forming another elastic fluid; it therefore part 
with less of its caloric. 

EMILY. 

True ; and, on further reflection, it appears, o 
the contrary, surprising that the oxygen shoulc 
in its combination with carbon, retain a suflicier 
portion of caloric to maintain both substances in 
gaseous state. 

CAROLINE. 

We may then judge of the degree of solidity ii 
which oxygen is combined in a burnt body, bi 
the quantity of caloric liberated during its com 
bustion ? 

MRS. B. 

Yes ; provided that you take into the accouni 
the quantity of oxygen absorbed by the combus- 
tible body, and observe the proportion which the 
caloric bears to it. 

CAROLINE. 

But why should the water, after the combustion 
of carbon, rise in the receiver, since the gas within 
it retains an aeriform state ? 

MRS. B. 

Because the carbonic acid gas is gradually ab- 
sorbed by the water; and this effect would be 
promoted by shaking the receiver. 

EMILY. 

The charcoal is now extinguished, though it is 
not nearly consumed ; it has such an extraordinary 
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avidity for oxygen, I suppose, that the receiver 
did not contain enough to satisfy the whole. 

MRS. B. 

That is certainly the case ; for if the combustion 
were performed in the exact proportions of 28 parts 
of carbon to 72 of oxygen, both these ingredients' 
would disappear, and 100 parts of carbonic acid 
would be produced. 

CAROLINE. 

Carbonic acid must be a very strong acid, since 
it contains so great a proportion of oxygen ? 

MRS. B. 

That is a very natural inference : yet it is erro- 
neous ; for the carbonic is the weakest of all the 
acids. The strength of an acid seems to depend 
upon the nature of its basis, and its mode of com- 
bination, as well as upon the proportion of the 
acidifying principle. The same quantity of oxy- 
gen which will convert some bodies into strong 
acids, will be only sufficient simply to oxidate 
others. 

CAROLINE. 

Since this acid is so weak, I think chemists 
should have called it the carhonous^ instead of the 
carbonic acid. 

EMILY. 

But, I suppose, the carbonous acid is still weaker, 

and is formed by burning carbon in atmospherical 

air. 

u 3 
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MRS. B. 

It has been lately discovered^ that carbon may 
be converted into a gas, by uniting with a smaller 
proportion of oxygen ; but as this gas does not 
possess any acid properties, it is no more than an 
oxide : it is called gaseous oxide of carbon. 

CAROLINE. 

Carbonic acid must be a very wholesome gas 
to breathe, as it contains so much oxygen ? 

On the contrary, it is extremely pernicious. 
Oxygen, when in a state of combination with other 
substances, loses, in almost every instance^ its re- 
spirable properties, and the salubrious effects which 
it has on the animal economy when in its uncon- 
fined state. Carbonic acid is not only unfit for 
respiration, but extremely deleterious if taken into 
the lungs. 

EMILY. 

You know, Caroline, how very unwholesome 
the fumes of burning charcoal are reckoned. 

CAROLINE, 

Yes ; but, to confess the truth, I did not con- 
sider that a charcoal fire produced carbonic acid 
gas. Can this gas be condensed into a liquid ? 

MRS. B. 

Yes ; but only by very considerable cold and 
pressure. Water can, however, absorb a certain 
quantity of this gas, and can even be impregnated 
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with It, in a very strong degree, by the assistance of 
agitation and pressure, as I am going to show you. 
I shall decant some carbonic acid gas into this 
bottle, which I fiU first with water, in order to 
exclude the atmospherical air; the gas is then 
introduced through the water, which you see it 
displaces, for it will not mix with it in any quantity 
unless strongly agitated, or allowed to stand over 
it for some time. The bottle is now about half 
full of carbonic acid gas, and the other half is still 
occupied by the water. By corking the bottle, 
and then violently shaking it, in this way, I can 
mix the gas and water together. Now will you 
taste it ? 

EMILY. 

It has decidedly an acid taste, and appears full 
of little bubbles. 

MBS. B. 

It possesses likewise all the other properties 
of acids, but, of course, in a less degree than the 
pure carbonic acid gas, as it is so much diluted by 
water. 

This is a kind of artificial Seltzer water. By 
analysing that which is produced by nature, it was 
found to contain scarcely any thing more than 
common water impregnated with a certain pro- 
portion of carbonic acid gas. We are, therefore, 
able to imitate it, by mixing those proportions of 
water and carbonic acid. Here, my dear, is an 

instance in which, by a chemical process, we can 

u 4 
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exactly copy the operations of nature ; for the 
artificial Seltzer waters can be made in every 
respect similar to those of nature ; in one poinl^ 
indeed, the former have an advantage^ since they 
may be prepared stronger or weaker, as occasion 
requires. 

CABOLIXE. 

I thought I had tasted such water before. But 
what renders it so brisk and sparkling ? 

KBS* B. 

This sparkling, or, more correctly speaking, 
effervescence, is always occasioned by the action 
of an elastic fluid escaping from a liquid ; in the 
artificial Seltzer water, it is produced by the car- 
bonic acid, which, being lighter than the water in 
which it was strongly condensed, flies off with 
great rapidity the instant the bottle is uncorked ; 
it is therefore necessary to drink it immediately. 
The bubbling which took place in this bottle was 
but trifling, as the water was but very slightly im- 
pregnated with carbonic acid. It requires a par- 
ticular apparatus to prepare the gaseous artificial 
mineral waters. 

EMILY. 

If, then, a bottle of Seltzer water remain for 
any length of time uncorked, I suppose it returns 
to the state of common water. 

MRS. B. 

The whole of the carbonic acid gas, or very 
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nearly so, will soon disappear ; but there is like- 
wise in Seltzer water a small quantity of saline 
or earthy ingredients, which will remain in the 
water, though it should be kept uncorked for any 
length of time. 

CAROLINE. 

Pray what kind of water is soda water, which 
is so much drunk ? 

MRS. B. 

It very much resembles Seltzer water, holding 
in solution, besides the gaseous acid, a particular 
saline substance, called soda, which imparts to the 
water certain medicinal qualities. 

CAROLINE. 

But how can these waters be so wholesome, since 
carbonic acid is so pernicious ? 

MRS. B. 

A gas, though very prejudicial to breathe, may 
be beneficial to the stomach. — But it would be, 
of no use to attempt explaining this more fully at 
present. 

CAROLINE. 

Are waters never impregnated with other gases ? 

MRS. B. 

Yes ; there are several kinds of gaseous waters. 
Waters have, also, been prepared, impregnated 
both with oxygen and hydrogen gases. These 
are not an imitation of nature, but are altogether 
obtained by artificial means. 
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If I recollect right, Mr& B., joa tdtd us that 
ourbon was o^ble of decompoeiiig wmter; the 
affinity between oxygen and carbon muat, there- 
fore, be greater than between oxygen and hy- 
drogen. 

MBS. B. 

Yes ; bat this is not the case, unless their iem- 
perature be raised to a certain d^ree. It is only 
when carbon is red-hot, that it is capable of sepa- 
rating the oxygen from the hydrc^en. Thus, if 
a small quantity of water be thrown on a red-hot 
fire, it will increase rather than extingniah the 
combustion ; for the coals or wood (both of which 
contain a quantity of carbon) decompose the water, 
and thus supply the fire both with oxygen and 
hydrogen gases. If, on the contrary, a large mass 
of water be thrown over the fire, the diminution 
of heat produced is such, that the combustible 
matter loses the power of decomposing the water, 
and the fire is extinguished. 

EMILY. 

I have heard that fire-engines sometimes do 
more harm than good, by increadng the fire when 
they cannot throw water enough to extinguish 
it. This must be owing, no doubt, to the decom- 
position of the water by the carbon during the 
conflagration. 
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MBS. B. 

Certainly. — The apparatus which you see here 
(Plate XIV. fig. 3.) may be used to exemplify 
what we have just said. It consists in a kind 
of open furnace, through which a porcelain tube, 
containing charcoal, passes. To one end of the 
tube is adapted a glass retort with water in it ; 
and the other end communicates with a receiver 
placed on the water-bath. A lamp being applied 
to the retort, and the water made to boil, the 
vapour is gradually conveyed through the red-hot 
charcoal, by which it is decomposed, and the hy- 
drogen gas, which results from this decomposition, 
is collected in the receiver. But the hydrogen 
thus produced is far from being pure ; it retains 
in solution a minute portion of carbon, and con- 
tains also a quantity of carbonic acid. This ren- 
ders it heavier than pure hydrogen gas, and gives 
it some peculiar properties : it is, in fact, a species 
of carburetted hydrogen gas. 

GABOLINE. 

And whence does it obtain the carbonic acid 
which is mixed with it ? 

EMILY. 

I believe I can answer that question, Caroline. 
— From the union of the oxygen (proceeding from 
the decomposed water) with the carbon, which, 
you know, makes carbonic acid. 
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CAROLINE. 

True; I should have recollected that. — The 
product of the decomposition of water bj red-hot 
charcoal, therefore, is carburetted hydrogen gas, 
and carbonic acid gas. 

MBS. B. 

You are perfectly right now. 

Carbon is frequently found combined with hy- 
drogen in a state of solidity, especially in coals, 
which owe their combustible nature to these two 
principles. 

EMILY. 

Is it the hydrogen, then, that produces the flame 
of coals ? 

MBS. B. 

Yes ; and when all the hydrogen is consumed, 
the carbon continues to bum without flame. But 
as I said before, when speaking of the gas lights, 
the hydrogen gas produced by the burning of 
coals is not pure; for, during the combustion, 
particles of carbon are successively volatilised 
with the hydrogen, with which they form what 
is called a hydro-carburety which is the principal 
product of this combustion. 

A new mode has been discovered of producing 
a brilliant light at a very cheap rate. It is by 
the action of the Voltaic battery. When the 
electric current of the battery is discharged be- 
tween two points of charcoal acting as poles, it 
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produces an intense light, either in air or in vacu6. 
Mr. Bunsen has constructed very cheap batteries, 
formed of coke, zinc, and nitric and sulphuric 
acids. He pkces the points of charcoal in a globe 
of glass, to prevent combustion, having previously 
dipped them in a solution of sulphate of soda, to 
prevent alteration: the electric current being then 
established in a battery of 44 pair of plates, a 
light is produced equal to 117 1*3 wax candles. 

EMILY. 

I do not wonder at this light being brilliant ; 
the electric current is always so : but I wonder 
at its being cheap, if kept up any length of time. 

MRS. B. 

The consumption of zinc, which is the most 
expensive part, was one pound an hour, and the 
light was so strong that hand-writing could be 
read at 1000 vards from the focus. 

In another experiment, Mr. Bunsen produced a 
light which lasted during an hour, consuming only 
10 oz. of zinc, a pound of sulphuric acid, and one 
and a half of nitric acid ; a much less expensive 
mode of producing so powerful a light than any 
that has hitherto been used. This process has 
already been tried for the purpose of lighting 
large buildings; but its most useful application 
will be in the collieries, as it cannot set jBre to 
explosive gas. But to return to our subject. 

Carbon is a very bad conductor of heat ; for 
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this reason it is employed (in conjunction with 
other ingredients) for coating furnaces and other 
chemical apparatus. 

EMILY. 

Pray what is the use of coating furnaces ? 

MRS. B. 

In most cases in which a furnace is used it is 
necessary to produce and preserve a great d^ree 
of heat, for which, purpose every possible means 
is devised to prevent the heat from escaping by 
communicating with other bodies ; and this object 
is attained by coating over the inside of the fur- 
nace with a kind of plaster^ composed of materials 
which are bad conductors of heat. 

Carbon, combined with a small quantity of iron, 
forms a compound called plumbago, or black- 
lead, of which pencils are made. This substance, 
agreeably to the nomenclature, is a carburet of 
iron. 

EMILY. 

Why, then, is it called black-lead ? 

MRS. B* 

It is an ancient name which it acquired from its 
shining metallic appearance ; but it is certainly a 
most improper one, as there is not a particle of 
lead in the composition. There is only one mine 
of this mineral, which is in Cumberland. It is 
supposed to approach as nearly to pure carbon 
as the best prepared charcoal does, as it contains 
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only jBve parts of iron, unadulterated by any other 
foreign ingredient. There is another carburet of 
iron, in which the iron, though united only to an 
extremely small proportion of carbon, acquires 
very remarkable properties : this is steel. 

CAROLINE. 

Really ; and yet steel is much harder than iron? 

^ MRS. B. 

But carbon is not ductile, like iron, and, there- 
fore, may render the steel more brittle, and pre- 
vent its bending so easily. Whether it is that the 
carbon, by introducing itself into the pores of the 
iron, and, by filling, them, makes the metal both 
harder and heavier ; or whether this change de- 
pends upon some chemical cause, I cannot pre- 
tend to decide. But there is a subsequent oper* 
ation, by which the hardness of steel is very much 
increased, which simply consists in heating the 
steel till it is red-hot, and then plunging it into 
cold water. This is called tempering the steel. 
Carbon, besides the combination just mentioned, 
enters into the composition of a vast number of 
natural productions; such, for instance, as the 
several kinds of oils, which result from the com- 
bination of carbon, hydrogen, and caloric, in 
various proportions. 

EMILY. 

I thought that carbon, hydrogen, and caloric 
formed carburetted hydrogen gas. 
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MRS. B. 

That is the case when a small portion of car- 
bonic acid gas is held in solution by hydrogen ga& 
Different proportions of the same principles, to- 
gether with the circumstances of their union, pro- 
duce very different combinations ; of this you will 
see innumerable examples. Besides, we are not 
now talking of gases, but of carbon and hydrogen, 
combined only with a quantity of caloric 8\Lfficieiit 
to bring them to the consistency of oil or fat. 

GABOLIKfi. 

But oil and fat are not of the same consistence? 

MRS. B. 

Fat is only congealed oil ; or oil, melted fet 
The one requires a little more heat to maintain it 
in a fluid state than the other. Have you never 
observed the fat of meat turned to oil by the 
caloric it has imbibed from the fire ? 

EMILY. 

Yet oils in general, as salad oil, and lamp oil, 
do not turn to fat when cold. 

MBS. B. 

No; because they contain too much caloric to 
congeal at the temperature of the atmosphere; 
but if exposed to a sufficient degree of cold, their 
latent heat will be extricated, and they would 
become solid fat substances, as you have seen oil 
when frozen. 
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The vegetable acids consist also of various 
proportions of carbon and hydrogen, which are 
acidified by oxygen. Gums, sugar, and starch 
are likewise composed of these ingredients; but 
as the oxygen they contain is not sufficient to 
convert them into acids, they are classed with the 
oxides, and called vegetable oxides. 

CAROLINE. 

I am quite delighted with all these new ideas ; 
but at the same time I cannot but be apprehensive 
that I may forget many of them. 

MRS. B. 

I would advise you to take notes, or, what 
would answer better still, to write down after 
every lesson as much of it as you can recollect. 
And in order to give you some assistance, I will 
lend you the heads, or index, which I occasionally 
consult for the sake of preserving some method 
and arrangement in these conversations : unless 
you follow such a plan, you cannot expect to 
retain nearly all that you hear, how great soever 
be the impression it may make on you at first. 

EMILY. 

I will certainly follow your advice. — Hitherto 
I have found that I recollected, pretty well, what 
you have taught us ; but the history of carbon is 
a more extensive subject than any of the simple 
bodies we have yet examined. 

VOL. 1. X 
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MBS. B. 

T have little more to say on carbon at present; 
but hereafter you will see that it performs a con- 
siderable part in most chemical operations, owii^ 
to its entering into the composition of so great a 
variety of substances. It is the basis, you have 
seen, of all vegetable matter ; and you will find 
that it is very essential to the process of animal- 
isation. But in the mineral kingdom, also, |)ar- 
ticularly in its form of carbonic acid, we shaB 
often discover it combined with a great variety of 
substances. 

In chemical operations, carbon is particularly 
useful, from its very great attraction for oxygen, 
as it will absorb this substance from many oxygen- 
ated or burnt bodies, and thus deoxygenate, or 
unburn them, and restore them to their original 
combustible state. 

CABOLINE. 

I do not understand how a body can be unbumt, 
and return to its original state. This piece of 
tinder, for instance, which has been burnt, if by 
any means the oxygen were extracted from it, 
would not be restored to its former state of linen; 
for its texture is destroyed by burning, and that 
must be the case with all organised or manu- 
factured substances. 

MBS. B. 

We certainly cannot restore organised bodies 
to their former state after combustion, because it 
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is impossible to reconstruct their organs; and 
even a mineral compound body is decomposed by 
combustion in a way which generally precludes 
the possibility of restoring it to its former state. 
In the present example, for instance, the oxygen 
does not become fixed in the tinder, but it com- 
bines with its volatile parts, and flies off in the 
shape of gas, or watery vapour. You see, there- 
fore, how vain it would be to attempt the recom- 
position of such bodies. But with regard to sim- 
ple bodies, or at least bodies whose component 
parts are not disturbed by the process of oxygen- 
ation or deoxygenation, it is often possible to re- 
store them, after combustion, to their original 
state. — The metals, for instance, imdergo no other 
alteration by combustion than a combination with 
oxygen ; therefore, when the oxygen is taken from 
them, they resume their pure metalUc form. But 
I shall say nothing further of this at present, as 
the metals will furnish ample subject for another 
morning ; and they are the class of simple bodies 
which come next under consideration. 
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CONVERSATION XI. 

OK METALS. 



MBS. B. 

We come now to the metals^ but before we enter 
into an examination of their properties, I wish 
you to look over their several classes ainoD<y the 
simple bodies. According to this classification 
we should begin by treating of those which form 
alkalies and earths by their combination with oxy- 
gen ; they comprehend the 2d and 3d division of 
the 3d class. But as these simple bodies are of 
later discovery, having been concealed from our 
view under the form of alkalies and of earths I 
shall postpone entering into any account of them 
till we have examined those with which we are 
better acquainted, and leave the others to termi- 
nate our view of the simple bodies. 

The metals which we shall now speak of consti- 
tute the 5th division of the 3d class. They are 
either naturally metallic, or yield their oxygen to 
carbon or to heat alone, and are subdivided into 
malleable and brittle metals. 

CAROLINE. 

I kno\^ that brittle means easily broken, but I 
am not so well accjioaiiil^^L mxii \!aa ^^x^TSkaUe- 
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able. I suppose it means that the metal will 
bend rather than break ? 

MBS. B. 

You are right. Malleability arises from a pro- 
perty which this class of metals possesses, of 
allowing their particles to move 'over each other^ 
without actual destruction of their continuity, so 
that the body will spread out and increase in 
dimensions, without a discontinuity of its parts. 
When, for instance, a bar of gold is rolled out 
into a plate, or still more when it is beaten into a 
leaf, a considerable extension of the particles takes 
place, but the body is not broken or dissevered. 
This could not occur in wood, or glass. 

CAROLINE. 

Certainly not, for the wood would be shattered 
to pieces, and the glass crushed to atoms. 

MRS. B. 

True, but they bear no other resemblance to 
each other, for wood and glass are bodies of a very 
compound nature, whilst metals you know are 
simple bodies. 

The metals are very different from those bodies 
which we have hitherto considered. They do not, 
like the bases of gases, elude the immediate obser- 
vation of our senses ; for they are the most bril- 
liant, the most ponderous, and the most palpable 
substances in nature. 
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CAROLINE. 

I doubt, however, whether the metals will ap- 
I>car to us so interesting, and give us so much 
entertainment, as those mysterious elements whidi 
conceal themselves from our view. Besides, they 
can afford but little novelty ; as they are bodies 
with which we are already well acquainted. 

MRS. B. 

Xot so well as you imagine ; the first pordona 
of knowledge we obtain in science, often sem 
only to show us our own ignorance, and you have 
that yet to learn, in regard to the metals. How- 
ever, if you wish for a little amusement, you may 
look over these specimens of metals, which are in 
a pure native state. 

CAROLINE. 

How beautiful their colours are I 

MRS. B. 

Here is another collection of metals in the state 
of ore. I shall not attempt to treat of these 
bodies fully ; it would require a whole course of 
lectures; for metals form of themselves a most 
important branch of practical chemistry. "V7e 
must, therefore, confine ourselves to a general 
view of them. They are seldom found naturally 
in their metallic form ; being generally more or 
less oxygenated or combined with sulphur, earths, 
or acids, and are often blended with each other. 
They are buried in the bowels of the earth in 



METALS. 311 

most parts of the world, but chiefly in moun- 
tainous districts, where the surface of the globe 
has been disturbed by earthquakes, volcanoes, and 
other convulsions of nature. They are spread in 
strata or beds, called veins, and these veins are 
composed of a certain quantity of metal, combined 
with various earthy substances, with which they 
form minerals of a different nature and appearance, 
called ores ; specimens of which I have just shown 
you. 

CAROLINE. 

I now feel quite at home, for my father has a 
lead mine in Yorkshire, and I have heard a great 
deal about veins of ore, and of the roasting and 
smelting of the lead ; but I confess my ignorance 
of the nature of these operations. 

MBS. B. 

Roasting is the process by which the volatile 
parts of ore are evaporated ; smelting, that by 
which the pure metal is afterwards separated from 
the earthy remdns of the ore. This is done by 
throwing the whole into a furnace, and mixing 
with it certain substances which will combine with 
the earthy parts and other foreign ingredients of 
the ore ; the metal, being the heaviest, falls to the 
bottom, and runs out, by proper openings, in its 
pure metallic state. 

EMILY. 

But when the metal is strongly heated in ^he 

X 4 
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furnace, docs it not combine with oxygsn^ 
nin out in the state of oxide ? 



MRS. B. 

Xo ; for the scoria;, or oxide which soon forms 
on tlic surface of the fused metal, prevents the 
air from liaving any further influence on the mass; 
so that neither combustion nor oxygenation can 
take {)Iace. 

CABOLIN£. 

Are all the metals equally combustible ? 

MHS- B* 

Far from it ; their attraction for oxygen varies 
extremely. There are some that will combine 
with it only at a very high temperature or by 
the assistance of acids; whibt others oxidate spon- 
taneously and with great rapidity, even at the 
lowest temperature; such is, in particular, man- 
ganese, which scarcely ever exists in the metallic 
state, as it immediately absorbs oxygen, on being 
exposed to the air, and crumbles to an oxide in 
the course of a few hours. 

EMILY. 

Is not that the oxide from which you extracted 
the oxygen gas ? 

MRS. B. 

It is : so that, you see, this metal attracts oxy- 
gen at a low temperature, and parts with it when 
strongly heated. 
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EMILY. 

Is there any other faaetal which oxidates at the 
temperature of the atmosphere ? 

MBS. B. 

They all do, more or less, excepting gold, silver, 
and platina ; iron oxidates slowly in the air, and 
the oxide with which it becomes covered is called 
rust. This rusty surface preserves the interior of 
the metal from oxidation, as it prevents the air 
from coming in contact with i^. Kust appears to 
be united with a small portion of oxygen. 

EMILY. 

When metals oxidate from the atmosphere with- 
out an elevation of temperature, some light and 
heat must be disengaged, I suppose, though not 
in sufficient quantities to be sensible. 

MBS. B. 

Undoubtedly ; and, indeed, it is not surprising 
that light and heat should not be sensible, when 
you consider how extremely slowly, and, indeed, 
how imperfectly, most metals oxidate by mere 
exposure to the atmosphere. For the quantity of 
oxygen with which metals are capable of com- 
bining generally depends upon their temperature ; 
and the absorption stops at various points of oxida- 
tion, according to the degree to which their tem- 
perature is raised. 

When the metal oxygenates with sufficient 
rapidity for light and heat to become sensible^ 
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combustion actmilly takes place. But this happens 
only at very high temperatures, and the product 
i:* nevertheless an oxide; for though, as I have 
just siiid, metals will combine with different pro- 
l)ortions of oxygen, yet, with the exception of 
only five of them, they are not susceptible of 
acidification. 

^letuls change colour during the different de- 
grees of oxidation which they undergo. Lead, 
when heated in contact with the atmosphere, first 
becomes grey; if its temperature be then raised, it 
turns yellow, and a still stronger heat chano'es it 
to red. And it is even capable of a stronger de<n^ 
of oxidation, in which the oxide is puce-coloured. 
Iron becomes successively a green, brown, and 
white oxide. Copper changes from brown to blue, 
and lastly green. 

EMILY. 

Pray, is the white lead with which houses are 
painted prepared with oxidated lead ? 



MRS. B. 

Yes, but it is also united with carbonic acid. 
It is a carbonate of lead. The mere oxide of 
lead is called red lead. Litharge is another oxide 
of lead, containing less oxygen. Almost all the 
metallic oxides are used as paints. The various 
sorts of ochres consist chiefly of iron more or less 
oxidated. And it is a remarkable circumstance, 
that if you burn metals rapidly, the light or flame 
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they emit during combustion partakes of the 
colours which the oxide successively assumes. 



I 

i CAROLINE. 

i How is that accounted for, Mrs. B., since light 
I does not proceed from the burning body, but from 
I the decomposition of the oxygen gas ? 

MRS. B. 

The correspondence of the colour of the light 
with that of the oxide which emits it, is, in all 
probability, owing to some particles of the metal 
which are volatilised and carried off by the caloric. 

CAROLINE. 

It is, then, a sort of metallic gas ? 

EMILY. 

Why is it reckoned so unwholesome to breathe 
the air of a place in which metals are melting ? 

MRS. B. 

Perhaps the notion is too generally entertained. 
But it is true with respect to lead and some other 
noxious metals, because, unless care be taken, the 
particles of the oxide which are volatilised by the 
heat are inhaled with the breath, and may pro- 
duce dangerous effects. 

I must show you some Instances of the com- 
bustion of metals ; it would require the heat of a 
furnace to make them burn in the common air, 
but if we supply them with a stream of oxygen 
gas, we may easily accomplish it. 
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This as TCiu shall see. is y qi eaalr dcHie;, po^ 

ticularlj if the experiment te tried npm m emJl 
scale. — I begin by lighting this piece of cfaanW 
with the candle, and then increase the rapKfitv of 
its combostion bj blowing npon it with a blow- 
pipe. (Plate XV. fig. 1.) 

EJflLT. 

That I do not understand; for it is not e^eiy 
kind of air, but merely oxygen gas, that piodooes 
combustion. Xow you said that in breathing we 
inspired, but did not expire oxygen gas. "Why, 
therefore, should the air which yon breathe thioagh 
the blow-pipe promote the combustion of the 
charcoal? 

MRS. B. 

Because the air, which has but once passed 
through the lungs, is yet but little altered, a small 
portion only of its oxygen being destroyed : so that 
a great deal more is g^ned by increasing the ra- 
pidity of the current by means of the blow-pipe, 
than is lost in consequence of the air passing once 
through the lungs, as you shall see. 

EMILY. 

Yes, indeed, it makes the charcoal bum much 
brighter. 
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.Apparatus for ihc comhusiwn of 
metals by means of oxyyav yas. 
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MRS. B. 

Whilst it Is red-hot, I shall drop some iron 
filings on it, and supply them with a current of 
oxygen gas, by means of this apparatus (Plate XV. 
fig. 2.), which consists simply of a closed tin cylin- 
drical vessel, full of oxygen gas, with two apertures 
and stop-cocks, by one of which a stream of water 
is thrown into the vessel through a long funnel, 
whilst by the other the gas is forced out through 
a blow-pipe adapted to it, as the water gains ad- 
mittance. — Now that I pour water into the fun- 
nel, you may hear the gas issuing from the blow- 
pipe. — I bring the charcoal close to the current, 
and drop the filings upon it 

CAROLINE. 

They emit much the same vivid light as the com- 
bustion of the iron wire in oxygen gas. 

MRS. B. 

The process is, in fact, the same : there is only 
some difference in the mode of conducting it. 

EMILY. 

What is it that produces those bright stars 
which shoot out from the iron whilst burning ? 

MRS. B. 

It is a peculiarity which distinguishes the burn- 
ing of iron from that of any other substance. 
Each particle of iron in a state of combustion 
gives out fragments which burn in a stellate form, 
radiating all around. 
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Let us now bum some tin in the same manner 
— you see that it is equally combustible. But tin 
has an advantage over all the other common 
metals ; it will not rust. 

CAROLINE. 

Surely, Mrs. B., I have seen old rusty sheets of 
tin. 

Tin is so soft a metal, that it cannot be made 
into sheets. A very thin sheet of iron is there- 
fore dipped into a solution of tin, which covers 
it all over, and in this state it is commonly called 
sheet tin. When it grows old the coating of tin 
wears off in parts, and whatever portion of the 
iron becomes exposed to the air or moisture> will 
be oxidated or rusty. 

EMILY. 

Then rust is an oxide ? 

MBS. B. 

Precisely: it is the oxidation of iron, which 
takes place at the common temperature of the 
atmosphere, and is too slow in its operation to 
produce any sensible disengagement of light and 
heat. 

CAROLINE. 

And do not the other metals rust as well as 
iron ? 

MRS. B. 

,1 .. . 

Strictly speaking, xust should be confined to the 
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oxide of iron ; but all the malleable metals^ except 
gold, silver, and platina, oxidate more or less by 
exposure to the atmosphere, and cover themselves 
with a coating which adheres closely to their sur- 
face, and which in some of them so strongly resem- 
bles rust, that it is often called by that name. 
But these oxides differ from rust in the manner of 
their formation. Kust does not adhere to the 
iron on which it is formed, but is produced in 
small spots on its surface: this process goes on 
increasing through the pores of the rust, and the 
spots spread themselves till they corrode the iron, 
eat into its substance, and finally destroy it. 

The other metals, on the contrary, when ex* 
posed to the atmosphere, form oxides, which ad* 
here closely to the metal, covering it so com- 
pletely, that no sooner is a thin pellicle of oxide 
formed, than the process ceases, as the metal is no 
longer in contact with the atmosphere. 

CABOLINE. 

Then these oxides are indeed very different 
from rust, for they preserve, instead of destroying, 
the metal beneath them. 

MRS. B. 

Certainly. You must often have observed that 
the common metals, such as copper, lead, and tin, 
become dull and tarnished. This is nothing more 
than an almost invisible covering of oxide, which 
is formed on their surface, and adheres so tena- 
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ciously to them, that it requires hard rubbing to 
get it off. 

CAROLINE. 

Oh I yes; when the copper coal-scuttle be- 
comes tamishedy I know how hard the housemaid 
is obliged to scour it to make it bright, and the 
tin covers of dishes become dull and soiled. The 
oxides then are actually dirt formed on these 
utensils^ by the operation of oxygen ? 

MRS. R* 

The cook and the housemaid may call them so, 
but you must not expect a chemist to apply so 
opprobrious an epithet to so interesting a class of 
bodies as the metallic oxides. 

E3IILT. 

I remember in Switzerland seeing tin much 
used on the roofs of houses, and admiring its 
sparkling brilliancy when the sun shone on it; 
yet I suppose it must be covered with a slight 
coating of oxide ? 

MRS. B. 

No doubt; but in a dry climate that slight 
pellicle is sufficient to preserve the tin from fur- 
ther oxidation, and does not much injure the 
brilliancy of the metal. I fear it would not 
succeed so well in this damp climate, for the 
metals oxidate much more readily from moisture 
than from the atmosphere ; those metals, at least, 
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which have a stronger attraction for oxygen than 
hydrogen has. 

Tin is the least liable to corrode of all the 
metals, except the perfect metals. We will now 
try to burn some copper. 

CAROLINE. 

It burns with a greenish flame : which is, I 
suppose, owing to the colour of the oxide ? 

EMILY. 

Pray, let us also burn some gold. 

MRS. B. 

That is not in our power. Gold, silver, and 
platina are incapable of being oxidated by the 
greatest heat that we can produce by this method. 
It is from this circumstance that they have been 
called perfect metals. They have, however, an 
aflSnity for oxygen ; but their oxidation or com- 
bustion can be performed only by means of acids 
or by electricity. 

The spark given out by the Voltaic battery pro- 
duces at the point of contact a greater degree of 
heat than any other process ; and it is at this very 
high temperature only that the affinity of these 
metals for oxygen will enable them to act on each 
other. 

I am sorry that I cannot show you the combus- 
tion of the perfect metals by this process, but it 
requires a considerable Voltaic battery. You will 
see these experiments performed in the most per- 

VOL. I. Y 
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feet manner, when you attend the chemical lectures 
of the Royal Institution. In the mean time, I 
can, without difficulty, show you an ingenious 
apparatus, contrived for the purpose of producing 
intense heats, the power of which nearly equals 
that of the largest Voltaic battery. It simply 
consists, you see, in a strong box, made of iron 
or copper (Plate XIII. fig. 2.), to which may be 
adapted this air-syringe or condensing-pump, and 
a stop-cock terminating in a small orifice similar 
to that of a blow-pipe. By working the condens- 
ing syringe up and down in this manner a quantity 
of air is accumulated in the vessel, which may be 
increased to almost any extent ; so that, if we now 
turn the stop-cock, the condensed air will rush 
out, forming a jet of considerable force ; and if 
we place the flame of a lamp in the current, you 
will see how violently the flame is driven in that 
direction. 

CAROLINE. 

It seems to be exactly the same effect as that 
of a blow-pipe worked by the mouth, only much 
stronger. 

EMILY. 

And the instrument has this additional advan- 
tage, that It does not fatigue the mouth and lun<rs 
like the common blow-pipe, and requires no art 
in blowing. 

MES. B. 

Unquestionably : but yet this blow-pipe would 
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be of very limited utility, if its energy and power 
could not be greatly increased by some other con- 
trivance. Can you imagine any mode of pro- 
ducing such an effect ? 

EMILY. 

Could not the reservoir be filled with pure 
oxygen, instead of common air, as in the case of 
the gas-holder? 

MRS. B. 

This is precisely the contrivance I allude to. 
The vessel need only be supplied with air from a 
bladder full of oxygen, instead of the air of the 
room ; which you see may be easily done by screw- 
ing the bladder on the upper part of the syringe, 
so that, in working the syringe, the oxygen gas is 
forced from the bladder into the condensing vessel. 

CAROLINE. 

With the aid of this small apparatus, therefore, 
the same effects may be obtained as those we have 
just produced with the gas-holder, by means of a 
column of water forcing the gas out of it. 

MRS. B. 

Yes; and much more conveniently so. But 
there is a mode of using this apparatus which pro- 
duces still more powerful effects. In consists in 
condensing in the reservoir, not oxygen alone, but 
a mixture of oxygen and hydrogen in the exact 
proportion in which they unite to produce water, 
and then kindling the jet formed by the mixed 

Y 2 
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gsM9. The heat disengaged by this combustion, 
without the help of any lamp, is probably the 
meet intense known ; and various results are said 
to have l>cen obtained from it which exceed all 
expectation. 

CAROLIKE. 

But why should we not try this experiment? 

MRS.B. 

Because it is not exempt from danger; the 
combustion (notwithstanding various contrivances 
which have been resorted to with a view to prevent 
accident) being apt to penetrate into the inside of 
the vessel, and to produce a dangerous and violent 
explosion. 

Mr. Dobereiner, of Jena, has discovered that 
platina, in a state of spongy texture, in which it is 
procured by heating the salt formed by nitro- 
muriatic acid, platina, and ammonia, possesses the 
singular property of eflPecting the combustion of 
hydrogen in atmospherical air, and becomes itself 
incandescent. The experiment is easily made by 
presenting to a current of hydrogen gas a piece of 
platina, in the form above mentioned, at such a 
distance that the jet of hydrogen may be mixed 
with the common air* In a mixture of two parts 
of hydrogen and one of oxygen, the platina pro- 
duces detonation and formation of water, 

Platina leaf, if crumpled up and introduced into 
the mixture, has a similar action ; whilst in the 
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state of wire or powder it is without effect. Se- 
veral other metals, such as iron, palladium, gold, 
and silver, possess the same property, but in a less 
degree. 

CAROLINE. 

Do you mean to say that metals exposed to a 
current of hydrogen become incandescent without 
having been previously heated ? 

MBS. B. 

This is the case, at least, with platina, palladium^ 
and those metals which are found mixed with 
crude platina; but the others, of which number 
are gold and silver, require to be elevated above 
the common temperature to produce this effect. 
It has, indeed, been ascertained that platina be- 
comes incandescent by exposure to a current of 
hydrogen gas, even when the temperature of the 
metal is lowered by a frigorific mixture eight or 
ten degrees below the zero of Fahrenheit. The 
platina used in this experiment was prepared by 
imbibing brown paper with muriate of platina; 
this was first dried by a gentle heat, and then 
burnt to ashes in a small crucible ; the muriatic 
acid escaped, and the platina remained in a re- 
markably porous state: with platina thus pre- 
pared, the experiment of the current of hydrogen 
succeeds much better than when it is in a porous 
state, in which case the incandescence ceases 
either at the freezing point, or two or three de- 
grees below it. 



326 METALS. 

These singular phenomena remain as yet with- 
out any very satisfactory explanation. We shall 
now proceed in our subject. 

CAROLINE. 

I think you said the oxides of metals could be 
restored to their metallic state? 

MRS. B. 

Yes ; this operation is called reducing on rmio' 
ing a metal. Metals are in general capable of bebg 
revived by charcoal, when heated red-hot, charcosd 
having a greater attraction for oxygen than the 
metals. 

You need only, therefore, decompose, or unburn, 
the oxide, by depriving it of its oxygen, and the 
metal will be restored to its pure state. 

EMILY. 

Then I dare say that by this process the carbon 
will be burnt, and converted into carbonic acid. 

MRS. B. 

Certainly. There are other combustible sub- 
stances to which metals at a high temperature will 
part with their oxygen. They will also yield it 
to each other, according to their several degrees of 
attraction for it ; and if the oxygen becomes more 
dense in the metal which it enters, than it was in 
that which it quits, a proportional disengagement 
of caloric will take place. 

CAROLINE. 

And cannot the oxides of gold, silver, and pla- 
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tina, which are formed by means of acids or of the 
electric fluid, be restored to their metallic state ? 

MRS. B. 

Yes, they may ; even without the intervention 
of a combustible body ; heat alone will take the 
oxygen from them, convert it into a gas, and 
revive the metal. 

EMILY. 

You said that rust was an oxide of iron ; how 
is it, then, that water, or merely dampness, pro- 
duces it, which, you know, it very frequently does 
on steel grates or any iron instruments ? 

MRS. B. 

In that case the metal decomposes the water, 
or dampness (which is nothing but water in a 
state of vapour), and obtains the oxygen from it. 

CAROLINE. 

I thought that it was necessary to bring metals 
to a very high temperature to enable them to de- 
compose water ? 

MRS. B. 

It is so, in order to perform the process rapidly. 
But iron you know becomes rusty, and all the 
other metals except the perfect ones oxidate, more 
or less spontaneously, either by air or water. 

EMILY. 

Are all metals capable of decomposing water 
provided their temperature be suflSciently raised ? 
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MRS. B. 

Xo ; a certain degree of attraction ia requisite, 
besides the assistance of heat. Water, you recol- 
lect, is composed of oxygen and hydroo-en; and, 
unless the affinity of the metal for oxyo-en be 
stronger than that of hydrogen, it is in vain that 
we raise its temperature, for it cannot take the 
oxygen from the liydrogen. The affinity of Iron, 
zinc, tin, and antimony for oxygen is stronger 
tlian that of liydrogen; these four metals, therefore, 
are capable of decomposing water. But hydroo'en, 
having an advantage over all the other metals with 
respect to its affinity for oxygen, It not only with- 
holds its oxygen from them, but Is even capable, 
under certain circumstances, of taking the oxyt^en 
from the oxides of these metals. 



EMILY. 



I confess that I do not quite understand why 
hydrogen can take oxygen from those metals which 
do not decompose water. 



CAROLINE. 

I think I do perfectly. Lead, for Instance, will 
not decompose water, because It has not so strong 
an attraction for oxygen as hydrogen has. Well, 
then, suppose the lead to be In a state of oxide ; 
hydrogen will take the oxygen from the lead, and 
unite with it to form water, because hydrogen has 
a stronger attmctlon for oxygen, than oxygen has 
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for lead ; and it is the same with all the other me- 
tals which do not decompose water. 

EMILY. 

I understand your explanation, Caroline, very- 
well ; and I imagine that it is because lead cannot 
decompose water that it is so much employed, in 
the form of pipes, for its conveyance. 

MRS. B. 

Certainly ; lead is, on that account, particularly 
appropriate to such purposes ; whilst, on the con- 
trary, this metal, if it were oxidable by water, 
would impart to it very noxious qualities, as all 
oxides of lead are more or less pernicious. 

With regard to the oxidation of metals, the most 
powerful mode of effecting it is by means of acids. 
These, you know, contain a much greater propor- 
tion of oxygen than either air or water ; and will, 
most of them, easily yield it to metals. 

Thus the zinc plates of the Voltaic battery are 
oxidated by the acid and water, much more effec- 
tually than by water alone. 

CAROLINE. 

And I have often observed, that if I drop vine- 
gar, lemon, or any acid on the blade of a knife, or 
on a pair of scissors, it will immediately produce 
a spot of rust. 

EMILY. 

Metals have, then, three ways of obtaining oxy- 
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gen ; from the atmosphere, from water, and from 
acids. 

MRS. B. 

The two first you have already witnessed, and 
I shall now show you how metals take the oxygen 
from an acid. This bottle contaiDs nitric acid; 
I shall i)our some of it over this piece of copper* 
leaf. ..... 

CAROLINE. 

Oh, what a disagreeable smell ! And what is 
it that produces the effervescence and that thick 
yellow vapour? 

MRS. B. 

It is the acid, which, being abandoned by the 
greater part of its oxygen, is converted into a 
weaker acid, which escapes in the form of gas. 

EMILY. 

And whence proceeds this heat ? 

MRS. B. 

Indeed, Emily, I think you might now be able 
to answer that question yourself. 

EMILY. 

Perhaps it is that the oxygen enters into the 
metal in a more solid state than it existed in the 
acid, in consequence of which caloric Is disen- 
gaged. The effervescence is now over ; therefore 
I suppose that the metal is abeady oxidated. 
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MRS. B. 

Yes. There is another important connection 
between metals and acids, with which I must make 
you acquainted. Metals, when in the state of 
oxides, are capable of being dissolved by acids. 
In this operation they enter into a chemical com- 
bination with the acid, and form an entirely new 
compound. 

CAROLINE. 

But what difference is there between the oxida- 
tion and the dissolution of the metal by an acid ? 

MRS. B. 

In the first case, the metal merely combines with 
a portion of oxygen taken from the acid, which is 
thus partly deoxygenated, as in the instance you 
have just seen ; in the second case, the metal, after 
being previously oxidated, is actually dissolved in 
the acid, and enters into a chemical combination 
with it, without producing any further decompo- 
sition or efiervescence. — This complete combin- 
ation of an oxide and an acid forms a peculiar and 
important class of compound salts. 

EMILY. 

The difference between an oxide and a com- 
pound salt, therefore, is very obvious; the one 
consists of a metal and oxygen ; the other of an 
oxide and an acid. 

MRS. B. 

Very well : and you will be careful to remem- 
ber that the metals are incapable of entering into 
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this conibiDation with acids, unless they are pre- 
viously oxidated : therefore, whenever you bring 
a luetiil in contact with an acid, it will be first 
oxidated and afterwards dissolved, provided that 
there be a sufficient quantity of acid for both ope- 
rations. 

There arc some metals, however, whose solu- 
tion is more easily accomplished by diluting the 
acid in water; the metal will, in this case, be 
oxidated, not by the acid, but by the water, which 
it will decompose. In proportion as the oxygen 
of the water oxidates the surface of the metal, the 
acid combines with it, washes it off, and leaves a 
clean surface for the oxygen to act upon : fresh 
coats of oxide are then successively formed, and 
rapidly dissolved by the acid, which continues com- 
bining with the new-formed surfaces of oxide till 
the whole of the metal is dissolved. Durinor this 
process the hydrogen gas of the water is disen- 
gaged, and flies off with effervescence. 

EMILY. 

Was not this the manner in which the sul- 
phuric acid assisted the iron filings in decomposing 
water ? 

MRS. B. 

Exactly ; and it is thus that several metals, 
which are incapable alone of decomposing water, 
are enabled to do it by the assistance of an acid, 
which, by continually washing off the coat of oxide 
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as It IS formed, prepares a fresh surface of metal 
to act upon the water. 

CAROLINE. 

The acid here seems to perform the part of a 
scrubbing brush. — But pray would not this be a 
good method of cleaning metallic utensils ? 

MRS. B. 

Yes : on some occasions a weak acid, as vinegar, 
IS used for cleaning copper. Iron plates, too, are 
freed from the rust on their surface by diluted 
muriatic acid, previous to their being covered with 
tin. You must remember, however, that in this 
mode of cleaning metals the acid should be quickly 
afterwards wiped off, otherwise it would produce 
fresh oxide, and dirty the metal after having 
cleansed it. 

CAROLINE. 

Let us watch the dissolution of the copper in 
the nitric acid ; for I am very impatient to see the 
salt which is to result from it. The mixture is 
now of a beautiful blue colour ; but there js no 
appearance of the formation of salt; it appears 
to be a tedious operation, 

MRS. B. 

The crystallisation of the salt requires some 
length of time to be completed ; if, however, you 
are so impatient, I can easily show you a metallic 
salt already formed. 
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CAROLINE. 

But that would not satisfy my curiosity half so 
well as one of our own manufacturinor. 

o 
AlRS* B« 

It is one of our own preparing that I mean to 
show you. When we decomposed water a few 
days since, by the oxidation of iron filings through 
the assistance of sulphuric acid, in what did the 
process consist ? 

CAROLINE. 

In proportion as the water yielded its oxygen to 
the iron, the acid combined with the new-formed 
oxide, and the hydrogen escaped alone. 

MRS. B. 

Very well; the result, therefore, was a compound 
salt, formed by the combination of sulphuric acid 
with oxide of iron. It still remains in the vessel 
in which the experiment was performed. Fetch 
it, and we will examine it. 

EMILY. 

What a variety of processes the decomposition 
of water, by a metal and an acid, implies : 1st, the 
decomposition of the water; 2dly, the oxidation 
of the metal ; and, 3dly, the formation of a com- 
pound salt. 

CAROLINE. 

Here it is, Mrs. B. — What beautiful green 
crystals ! But we do not perceive any crystals in 
the solution of copper in nitrous acid. 
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MRS. B. 

Because the salt is now suspended in the water 
which the nitrous acid contains, and will remain 
so till it is deposited, in consequence of rest and 
cooling. 

EMILY. 

I am surprised that a body so opaque as iron 
can be converted into such transparent crystals. 

MRS. B. 

It is the union with the acid that produces the 
transparency : for if the pure metal were melted, 
and afterwards permitted to cool and crystallise, 
it would be found as opaque as it was before. 

EMILY. 

I do not understand the exact meaning of crys- 
tallisation. 

MRS. B. 

You recollect that when a solid body is dis- 
solved, either by water or caloric, it is not de- 
composed ; but that its integrant parts are only 
suspended in the solvent. When the solution is 
made in water, the integrant particles of the body 
will, on the water being evaporated, again unite 
into a solid mass, by the force of their mutual 
attraction. But when the body is dissolved by 
caloric alone, nothing more is necessary, in order 
to make its particles re-unite, than to reduce its 
temperature. And, in general, if the solvent, 
whether water or caloric, be slowly separated by 
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evaporation or by cooling, and care taken that the 
particles be not agitated during their re-union, they 
will arrange themselves in regular masses^ each 
individual substance assuming a peculiar form or 
arrangement ; and this is called crystallisation, 

EMILY. 

Crystallisation, therefore, is simply the re-union 
of the particles of a solid body which has been 
dissolved in a fluid. 

MRS. B. 
Yes ; provided the re-union takes place in the 
regular form of crystals. But I must not forget 
to observe that heat and water may unite their 
solvent powers ; and, in this case, crystallisation 
may be hastened by cooling as well as by evapo- 
rating the liquid. 

CAROLINE. 

But if the body dissolved be of a volatile nature, 
will it not evaporate with a fluid ? 

MRS. B. 

A crystallised body held in solution only bv 
water is scarcely ever so volatile as the fluid itself, 
and care must be taken to manage the heat so 
that it may be suflScient to evaporate the water 
only. 

I must not forget also to mention, that bodies 
in crystallising from their watery solution always 
retain a small portion of water, which remains 
confined in a crystal in a solid form, and does 



METALS. 337 

not re-appear unless the body loses its crystalline 
state. This Is called the water of crystallisation. 
But you must observe, that whilst a body may be 
separated from Its solution In water or caloric 
simply by cooling or by evaporation, an acid can 
be taken from a metal with which it is combined 
only by stronger aflSnities, which produce a de- 
composition. 

EMILY. 

Are the perfect metals susceptible of being 
dissolved and converted Into compound salts by 
acids ? 

MRS. B. 

Gold Is acted upon by only one acid, the nltro- 
muriatic acid, commonly called aqua regia. This 
acid is itself composed of a mixture of the nitric 
and muriatic acids. Platina Is also acted upon 
by this acid only; silver is dissolved by nitric 
acid. 

CAROLINE. 

I think you said that some of the metals might 
be so strongly oxidated as to become acid? 

MRS. B. 

There are five metals, arsenic, molybdena, 
chrome, tungsten, and columblum, which are sus- 
ceptible of combining with a sufficient quantity of 
oxygen to be converted Into acids. 

CAROLINE. 

Acids are connected with metals • in such a va- 
VOL. I. z 



nen' of way «. lios I xm liraus cf eytr^wgw - ?WgT 
2L iLT 2Liii4 Ir lilt &K juase- acad^ -•oil pa£ 

b^ wlsL iem En liitsr staie cf cxade. to faa 
«<Lp:»-iiiii aijif : i»L IbfiZ-j, srr^sal of die 2zi£ut 

Veij vti]; bm ib:Tirfe ir»etil« hare so trrec aa 
jt£s:tj f<;r acSds, it is ik«: wiili tlat dsssc^f bodies 
ak/zie that tbej will coicbiDe. Tbey az^ most d 
than, in tbeir sicple nate, capable of uniting widi 
fulpLur, with plK^phonis, with carbcMi, and wid 
each other: theee combinatioiiSy aooor£]^ to the 
nomeDckture which was explained to von en i 
former occagion, are called stdphnrets^ phasphorHs. 
carhurHs^ &c. 

The metallic pbosphorete offer nothing rerv 
remarkable. The eolphurets form the peculiar 
kind of mineral called pyrites^ from whence certain 
kinds of mineral waters, as those of Harrowoate, 
derive their chief chemical properties. In this 
combination, the sulphur, together with the iron 
has so strong an attraction for oxygen, that it ob- 
tains it both from the air and from water, and, by 
condensing it in a solid form, produces the heat 
which raises the temperature of the water in such 
a remarkable degree. 

EMILY. 

But if pyrites obtain oxygen from water, that 
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water must suffer a decomposition, and hydrogen 
gas be evolved. 

That is actually the case in the hot springs 
alluded to, which give out an extremely fetid gas, 
composed of hydrogen, impregnated with sulphur^ 

CAEOLINE. 

If I recollect right, steel and plumbago, wnich 
you mentioned in the last lesson, are both carburets 
of iron. 

MBS. B. 

Yes ; and they are the only carburets of much 
consequence. 

A singular combination of metals some years 
ago attracted the attention of the scientific world : 
I mean the meteoric stones which fall from the 
atmosphere. They consist principally of native or 
pure iron, which is never found in that state in the 
bowels of the earth ; and contain also a small quan- 
tity of nickel and chrome, a combination likewise 
unknown in the mineral kingdom. 

These circumstances led many scientific persona 
to believe that those substances fell from the moon,, 
or some other planet, while others thought either 
that they were formed in the atmosphere, or were 
projected into it by some unknown volcano on the 
surface of our globe. 

CAROLINE. 

I have heard much of these stones, but I believe 

z 2 



340 



METALS 



many people are of opinion that they are formed 
on the surface of the earth, and laugh at their pre- 
tended celestial origin. 

UBS. B. 

The fact of their falling is so well ascertained, 
that no person, who has at all investigated the 
subject, can entertain any doubt of it. Specimens 
of tliese stones have been discovered in all parts 
of the world, and to each of them some tradition 
or story of its fall has been found connected. And 
as the analysis of all those specimens affords pre- 
cieely the same results, there is strong reason to 
conjecture that they all proceed from the same 
source. 

CAROLINE. 

But pray, Mrs. B., how can solid masses of iron 
and nickel be formed from the atmosphere^ which 
consists of the two airs, nitrogen and oxygen ? 

MRS. B. 

I really do not see how they could, and think it 
much more probable that they fall from the moon, 
or some other celestial body. — But we must not 
suffer this digression to take up too much of our 
time. 

The combinations of metals with each other are 
called alloys ; thus brass is an alloy of copper and 
zinc ; bronze, of copper and tin, &c. The beautiful 
art of bronzing is founded on the extreme malle- 
ability of copper. The copper is first beaten out 
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into a thin leaf, and afterwards pulverised, in 
which state it may be applied to paper, linen, 
leather, and a variety of other substances. 

EMILY. 

And is not pewter also a combination of metal ? 

MRS. B. 

It is. The pewter made in this country is 
mostly composed of tin, with a very small propor- 
tion of zinc and lead. 

CAROLINE. 

Block-tin is a kind of pewter, I believe ? 

MRS. B. 

Properly speaking, block-tin means tin in blocks, 
or square massive ingots ; but in the sense in which 
it is used by common workmen, it is iron plated 
with tin, which renders it more durable, as tin, 
you know, will not rust. Tin alone, however, 
would be too soft a metal to be worked for common 
use, and all tin vessels and utensils are, in fact, 
made of thin plates of iron, coated with tin, which 
prevents the iron from rusting. 

CAROLINE. 

Say rather oxidating, Mrs. B. — Rust is a word 
which should be exploded in chemistry. 

MRS. B. 

Take care, however, not to introduce the word 
oxidate, instead of rust, in general conversation ; 
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What is soldering? 

MSs. s. 

It is joining two pieces of metal together, by s 
more fusible metal interposed between them. Thus 
tin IB a Eolder for lead ; brass, gold, or alver^ tie 
solder for iron, &c. 

CAROLIKE. 

And is not plating metab something of the same 
kind? 

HBS. B. 

In the operation of plating two metals are united, 
one Ixjing covered with the other, but without the 
intervention of a third : iron or copper may thus 
l>c covered with silver. 

EMILY. 

Pray ia not mercury of a very different nature 
from the other metals ? 

MRS. B. 

One of its greatest peculiarities is, that it retains 
II fluid state at the temperature of the atmosphere. 
All metals are fusible at different degrees of heat, 
and they have likewise each the property of freezing 
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or becoming solid at a certain fixed temperature. 
Mercury congeals only at seventy-two degrees 
below the freezing point. 

EMILY. 

That is to say, that in order to freeze, it requires 
a temperature seventy-two degrees below that at 
which water freezes. But is the temperature of 
the atmosphere ever so low as that ? 

MRS. B. 

Yes, often in Siberia; but, happily, never in 
this part of the globe. Here, however, mercury 
may be congealed by artificial cold ; I mean such 
intense cold as can be produced by some chemical 
mixtures, or by the rapid evaporation of ether 
under the air-pump.* 

CAROLINE. 

And can mercury be made to boil and eva- 
porate ? 

MRS. B. 

Yes, like any other liquid ; only it requires a 
much greater degree of heat. At the temperature 
of six hundred degrees it begins to boil and eva- 
porate like water. 

Mercury combines with gold, silver, tin, and 
with several other metals ; and, if mixed with any 
of them in a sufficient proportion, it penetrates 
the solid metal, softens it, loses its own fiuidity, 

* By a process analogous to that described, page 142. of 
this volume. 
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and composes amalgam^ which is the name given 
to the combination of any metal with mercury, 
forming a substance more or less solid^ according 
as the mercury or the other metal predominates. 
It is in this state that mercury is used for gilding. 
Amalgamated with gold it is spread over the sub- 
stance to be gilt, which retains the gold^ whilst 
the mercury is evaporated by heat. !But this pro- 
cess is attended by two disadvantages ; the mer- 
cury is expensive, and also injurious to the health 
of the workmen who use it. This has induced 
many chemists to endeavour to discoyer some 
means of gilding without the intervention of so 
deleterious a metaL Both in this country and 
in Germany oxide of gold has been recently sub- 
stituted for the amalgam of gold, and with con- 
siderable efficacy ; but the most successful mode 
has been discovered by Professor De la Rive, of 
Geneva. He first applied the Voltaic battery, 
which you know possesses the property of decom- 
posing bodies, to the art of gilding. 

EMILY. 

And how did he accomplish this 

3IBS. B. 

In the following manner. He incloses a weak 
solution of muriate of gold in a cylindrical bag 
made of bladder, the bag itself being immersed in 
a vessel of water slightly acidulated by nitric or 
sulphuric acid. The substance to be gilt (let us 
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suppose it to be a silver spoon) is fixed to one 
end of a metallic wire, the other end of which is 
soldered to a small plate of zinc. By means of 
this little battery, composed of the plate of zinc, 
which constitutes the positive pole, the silver 
spoon, which represents the negative pole, and the 
acidulated water, an electric current is produced. 
— Now, can you tell me what will occi^ ? 

EMILY. 

I suppose the electric current decomposes the 
muriate of gold, and deposits the metal on the 
surface of the spoon. 

MRS. B. 

Just so ; a thin coating of gold is precipitated 
on the spoon. 

CAROLINE. 

That is very curious; and how long is it in 
producing this effect ? 

MRS. B. 

Immersion for one or two minutes is sufficient for 
obtaining the gold coating ; but in order to render 
it more brilliant and durable, the operation should 
be repeated three or four times, taking care to 
wipe the spoon carefully between each immersion. 

This ingenious process has been much improved, 
and is now applied in manufactures to all the 
metals. The salt of gold generally used is the 
cyanuret or sulphuret, which have been found more 
advantageous than the muriate or chloruret of that 
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metal. All the metals may^ by the same means, 
be precipitated on moulds made either of metal or 
of other substances^ rendered conductiye of the 
electric current. A new art, under the name of 
electric metallurgy^ has been founded on these 
principles. By means of a little battery, and a salt 
of copper, medals, or any other object, may be ac- 
curately ^pied in solid copper; and even large 
statues are now fabricated of this metal in 
Eussia, under the patronage of the Prince of 
Leuchtenburg, on plaster moulds dipped in enor- 
mous casks filled with a solution of the copper salt 
Insects, plants, and other perishable substances 
may be indefinitely preserved by coating them, by 
means of the electric agency, with a metallic 
covering, which preserves their most delicate fibres 
and sinuosities. It is even highly probable that 
the same powerful agency will be ultimately ap- 
plied to the purpose of extracting the metals from 
their respective ores. 

EMILY. 

In the list of metals there are some whose names 
I have never before heard mentioned. 

MRS. B. 

Besides those which Sir H. Davy has obtained, 
there are several that have been more recently 
discovered, and whose properties are yet but little 
known ; as, for instance, titanium, which was dis- 
covered by the Rev. Mr. Gregor, in the tin mines 
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of Cornwall ; columbium or tantallum, discovered 
by Mr. Hatchet; and osmium, iridium, palla- 
dium, and rhodium, all of which Dr. Wollaston 
and Mr. Tennant found mixed in minute quan- 
tities with crude platina, and the distinct existence 
of which they proved by curious and delicate ex- 
periments. More recently. Professor Berzelius 
has discovered, in a pyritic ore, at Fahlum, in 
Sweden, a metallic substance, which he has called 
selenium^ and which has the singular peculiarity of 
assuming the form of a yellow gas when heated in 
close vessels. In some of its properties this sub- 
stance seems to hold a medium between the com- 
bustibles and the metals. It bears, in particular, 
a strong analogy to sulphur. 

CAKOLINE. 

Arsenic has been mentioned amongst the me- 
tals. I had no notion that it belonged to that 
class of bodies, for I had never seen it but as a 
powder, and never thought of it but as a deadly 
poison. 

MRS. B. 

In its pure metallic state, I believe, it is much 
less poisonous ; but it has so great an affinity for 
oxygen that it absorbs it from the atmosphere at 
its natiu*al temperature: you have seen it therefore, 
only in its state of oxide, when, from its combina- 
tion with oxygen, it has acquired its very poison- 
ous properties. 
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CAROLINE. 

Is it possible that oxygen can impart polsonoaa 
qualities? — that yaluable substance which pro- 
duces light and fire, and which all bodies in nature 
are so eager to obtain ? 

MBS. B. 

Most of the metallic oudes are poisonous, and 
derive this property from their union with oxygen. 
The white lead, so much used in paint, owes its 
pernicious properties to oxygen. In general, oxy- 
gen, in a concrete state, appears to be particularly 
destructive in its effects on flesh or any animal 
matter: and those oxides are most caustic that 
have an acrid burning taste, which proceeds from 
the metal having but a slight affinity for oxygen, 
and therefore easily yielding it to the flesh, which 
it corrodes and destroys. 

EMILY. 

What is the meaning of the word caustic^ which 
you have just used? 

MBS. B. 

It expresses that property which some bodies 
possess, of disorganising and destroying animal 
matter by operating a kind of combustion, or at 
least a chemical decomposition. You must have 
heard of caustic used to bum warts, or other 
excrescences ; most of these bodies owe their de- 
structive power to the oxygen with which they 
are combined. The common caustic, called lunar 
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caustic, is a compound formed by the union of 
nitric acid and silver ; and it is supposed to owe 
its caustic qualities to the oxygen contained in 
the nitric acid. 

CAROLINE. 

But, pray, are not acids still more caustic than 
oxides, as they contain a greater proportion of 
oxygen ? 

MRS. B. 

Some of the acids are ; but the caustic property 
of a body depends not only upon the quantity of 
oxygen which it contains, but also upon its slight 
affinity for that principle, and the consequent 
facility with which it yields it. 

EMILY. 

Is not this destructive property of oxygen ac- 
counted for ? 

MRS. B. 

It proceeds, probably, from the strong attraction 
of oxygen for hydrogen ; for if the one rapidly ab- 
sorb the other from the animal fibre, a disorgan- 
isation of the substance must ensue. 

EMILY. 

Caustics are, then, very properly said to burn 
the flesh, since the combination of oxygen and 
hydrogen is an actual combustion. 

CAROLINE. 

Now, I think this effect would be more pro- 
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Because it is in a gaseous stete, and his a 
greater attraction for its calorie tlian lor tlie 1it- 
drogen of cur bodie& Beades, should the air be 
slightly caustic, we are in a great measure shd- 
tered from its effects by the skin ; yoa know how 
much a wound, bowerer trifling, smarts on being 
exposed to it. 

CABOLIXE. 

It b a curious idea, however, that we should 
live in a slow fire. But if the air were caustic, 
would it not have an acrid taste ? 

MRS.B. 

It possibly may have such a taste; though in so 
slight a degree, that custom has rendered it insen- 
sible. 

CABOLINE. 

And why is not water caustic? When I dip 
my hand into water, though cold, it ought to bum 
me, from the caustic nature of its oxygen. 
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MRS. B. 

Your hand does not decompose the water ; the 
oxygen in that state is much better supplied with 
hydrogen than it would be by animal matter ; and 
if its causticity depend on its affinity for that prin- 
ciple, it will be very far from quitting its state of 
water to act upon your hand. You must not for- 
get that oxides are caustic in proportion as the 
oxygen adheres slightly to them. 

EMILY. 

Since the oxide of arsenic is poisonous, its acid, 
I suppose, is fully as much so ? 

MRS. B. 

Yes; it is one of the strongest poisons in nature. 

EMILY. 

There is a poison called verdigris^ which forms 
on brass and copper when not kept very clean ; 
and this, I have heard, is an objection to these 
metals being made into kitchen ut|nsils. Is this 
poison likewise occasioned by oxygen ? 

MRS. B. 

It is produced by the intervention of oxygen ; 
for verdigris is a compound salt formed by the 
union of vinegar and copper ; it is of a beautiful 
green colour, and much used in painting. 

EMILY. 

But, I believe, verdigris is often formed on 
copper when no vinegar has been in contact with 
it. 
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MBS. B. 



Not real verdigris, but other salts, somewhat 
resembling it, may be produced by the action of 
other acids on copper. 

The solution of copper in nitric acid, if evapo- 
rated, affords a salt which produces an effect on 
tin that will surprise you ; and I have prepared 
some from the solution we made before that I 
might show it to you. I shall first sprinkle some 
water on this piece of tin-foil, and then some of 
the salt. — Now observe that I fold it up suddenly, 
and press it into one lump. 

CABOLINE. 

What a prodigious vapour issues from it ! and 
now there are sparks of fire I 

MBS. B. 

I thought it would surprise you. The effect, 
however, I dale say, you could account for, since 
it is merely the consequence of the oxygen of the 
salt rapidly entering into a closer combination with 
the tin. 

There is also a beautiful green salt too curious 
to be omitted ; it is produced by the combination 
of cobalt with muriatic acid, which has the singular 
property of forming what is called sympatlietic ink. 
Characters written with tlds solution are invisible 
when cold, but when a gentle heat is supplied, they 
assume a fine bluish green colour. 
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CAROLINE. 

I think one might draw very curious landscapes 
with the assistance of this ink. I would first make 
a water-colour drawing of a winter scene, in which 
the trees should be leafless^ and the grass scarcely 
green ; I would then trace all the verdure with 
the invisible ink, and whenever I chose to create 
spring, I should hold it before the fire, and its 
warmth would cover the landscape with a rich 
foliage. 

MBS. B. 

That would be a very amusing experiment, and 
I advise you by all means to try it. 

I have promised to conclude our revision of the 
simple bodies by introducing to your acquaintance 
the curious metals discovered by Sir H. Davy. I 
shall confine myself to a very short account of 
them, as it is more important to point out to you 
the vast and apparently inexhaustible field of re- 
search which has been thrown open to our view 
by Sir H. Davy's memorable discoveries, than to 
enter into a minute account of particular bodies 
or experiments. 

CABOLINE. 

But I have heard that these discoveries, however 
splendid and extraordinary, are rather objects of 
curiosity than of use, and are not very likely to 
prove of great benefit to the world- 

MBS. B. 

Such may be the illiberal conclusions of the 
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ignorant and narrow-minded : but those who can 
duly estimate the advantages of enlaiging the 
sphere of science, must be convinced that the ac- 
quisition of every new fact, however unconnected 
it may at first appear with practical utility, must 
ultimately prove beneficial to mankind. But these 
remarks are scarcely applicable to the present 
subject ; for some of the new nfetals have already 
proved eminently useful as chemical agents, and 
are likely soon to be employed in the arts. For 
the enumeration of these metals, I must refer you 
to the 3d and 4th division of the 3d class of our 
list of simple bodies ; they are derived from the 
alkalies, the earths, and three of the acids, all of 
which had been hitherto considered as undecom- 
poundable or simple bodies. 

When Sir H. Davy first turned his attention to 
the effects of the Voltaic battery, he tried its 
power on a variety of compound bodies, and gra- 
dually brought to light a number of new and in- 
teresting facts, whieh led the way to more impor- 
tant discoveries. 

The facility with Avhich compound bodies yielded 
to the Voltaic electricity induced him to make 
trial of its effects on substances hitherto considered 
as simple, but which he suspected of being com- 
pound, and his researches were soon crowned with 
the most complete success. 

The body which he first submitted to the Vol- 
taic battery, and which had never yet been decom- 
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posed, was one of the fixed alkalies, called potash. 
This substance gave out an elastic fluid at the 
positive wire, which was ascertained to be oxygen, 
and at the negative wire, small globules of a very 
high metallic lustre, very similar in appearance to 
mercury ; thus proving that potash, which had 
hitherto been considered as a simple incombus- 
tible body, was, in fact, a metallic oxide ; and that 
its incombustibility proceeded firom its being al- 
ready combined with oxygen. 

EMILY. 

I suppose the wires used in this experiment 
were of platina, as they were when you decom- 
posed water; for if of iron, the oxygen would 
have combined with the wire, instead of appear- 
ing in the form of gas. 

MRS. B. 

Certainly ; the metal, however, would equally 
have been disengaged. Sir H. Davy distinguished 
this new substance by the name of Potassium, 
which is derived from that of the alkali from 
which it is procured. I have some small pieces of 
it in this phial, but you have already seen it, as it 
is the metal which we burnt in contact with 
sulphur. 

EMILY. y 

What is the liquid in which you keep it ? 

MRS. B. 

It is naphtha, a bituminous liquid, with which I 
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shall hereafter make you acquainted. It is almost 
the only fluid in which potassium can be preserved 
as it contsuns no oxygen ; and this metal has so 
powerful an attraction for oxygen, that it will not 
only absorb it from the air, but likewise from 
water, or any body whatever in which it is con- 
tained. 

EMILY. 

This, then, is one of the bodies which oxidates 
spontaneously without the application of heat ? 

jIKS* b. 

Yes ; and it has this remarkable peculiarity, 
that it attracts oxygen much more rapidly from 
water than from air ; so that when thrown into 
water, however cold, it actually bursts into flame. 
I shall now throw a small piece, about the size of 
a pin's head, on this drop of water. 

CAROLINE. 

It instantaneously exploded, producing a little 
flash of light! This is, indeed, a most curious 
substance. 

MRS. B. 

By its combustion it is reconverted into potash; 
and as potash is now decidedly a compound bodv, 
I shall not enter into any of its properties till we 
have completed our review of the simple bodies ; 
but we may here make a few observations on its 
basis, potassium. If this substance be left in con- 
tact with air, it rapidly returns to the state of 
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potash, with a disengagement of heat^ but without 
any flash of light. 

EMILY. 

Is it not very singular that it should bum better 
in water than in air ? 

CAROLINE. 

I do not think so : for if the attraction of potas- 
sium for oxygen be so strong that it finds no more 
difficulty in separating it from the hydrogen in 
water than in absorbing it from the air^ it will, no 
doubt, be more amply and rapidly supplied by 
water than by air. 

MBS. B. 

That cannot, however, be precisely the reason : 
for when potassium is introduced under water, 
without contact of air, the combustion is not so 
rapid ; and, indeed, in that case, there is no lumi- 
nous appearance ; but a violent action takes place, 
much heat is excited, the potash is regenerated, 
and hydrogen gas is evolved. 

Potassium is so eminently combustible, that in- 
stead of requiring, like other metals, an elevation 
of temperature, it will bum rapidly in contact with 
water, even below the freezing point. This you 
may witness by throwing a piece on this lump of 
ice. 

CAROLINE. 

It again exploded with flame, and has made a 
deep hole in the ice. 



358 



METALS. 



IIBS. B. 

This hole contains a solution of potash ; for the 
alkali, being extremely soluble^ disappears in the 
water at the instant it is produced. Its presence, 
however, may be easily ascertained^ alkalies haying 
the property of changing yellow paper, stained 
with turmeric, to a red colour : if you dip one 
end of this slip of paper into the hole in the ice, 
you will see it change colour, and the same if you 
wet it with a drop of water in which the first piece 
of potassium was burnt. 

CABOLINE. 

It has, indeed, changed the paper from yellow 
to red. 

MRS. B. 

This metal will burn likewise in carbonic acid 
gas, a gas which had always been supposed inca- 
pable of supporting combustion, as we were unac- 
quainted with any substance which had a greater 
attraction for oxygen than carbon. Potassium, 
however, readily decomposes this gas by absorb- 
ing its oxygen, as I shall show you. This retort 
is filled with carbonic acid gas. I will put a small 
piece of potassium in it ; but for this combustion 
a slight elevation of temperature is required, for 
which purpose I shall hold the retort over the 
lamp. 

CAROLINE. 

Now it has taken fire, and bums with violence ; 
it has burst the retort. 
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MRS* B* 

Here is the piece of regenerated potash : can 
you tell me why it has become so black ? 

EMILY. 

No doubt it is blackened by the carbon, which, 
when its oxygen entered into combination with 
the potassium, was deposited on its surface. 

MRS.. B. 

You are right. Potassium is perfectly fluid at 
the temperature of one hundred degrees ; at fifty 
degrees it is solid, but soft and malleable; at 
thirty-two degrees it is hard and brittle, and its 
fracture exhibits an appearance of confused crys- 
tallisation. It is scarcely more than half as heavy 
as water : its specific gravity being about six when 
water is reckoned at ten: so that this metal is 
actually lighter than any known liquid, even than 
ether. 

Potassium combines with sulphur and phos- 
phorus, forming sulphurets and phosphorets ; it 
likewise forms alloys with several metals, and amal- 
gamates with mercury. 

CAROLINE. 

How very singular that a metal should be lighter 
than any liquid I But can a sufiicient quantity 
of potassium be obtained, by means of the Voltaic 
battery, to admit of all its properties and re- 
lations to other bodies being satisfactorily ascer- 
tained? 
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MRS. B. 

Not easily. I muBt not n^lect to inform you 
that a method of obtaining this metal in consider- 
able quantities has since been discovered. Two 
eminent French chemists, Messrs. Th&naid and 
Gay Lussac, stimulated by the triumph which 
Sir H. Davy had obtained, attempted to separate 
potassium from its combination with oxygen, by 
common chemical means, and without the aid of 
electricity. They caused red-hot potash in a state 
of fusion to filter through iron-turnings in an iron 
tube, heated to whiteness. Their experiment was 
crowned with the most complete success; more 
potassium was obtained by this single operation 
than could have been collected in many weeks by 
the most diligent use of the Voltaic battery. 

EMILY. 

In this experiment, I suppose the oxygen quitted 
its combination with the potassium to unite with 
the iron turnings ? 

MBS. B. 

Exactly so; and the potassium was thus ob- 
tained in its simple state. From that time it has 
become a most convenient and powerful instru- 
ment of deoxygenation in chemical experiments. 
This important improvement, engrat*ted on Sir 
H. Davy's previous discoveries, served but to add 
to his glory, since the facts which he had esta- 
blished, when possessed of only a few atoms of 
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this curious substance, and the accuracy of his 
analytical statements, were all confirmed when an 
opportunity occurred of repeating his experiments 
upon this substance, which can now be obtained 
in unlimited quantities. 

CAROLINE. 

What a satisfaction Sir H. Davy must have felt 
when by an effort of genius he succeeded in bring- 
ing to light, and actually giving existence to these 
curious bodies I 

MRS. B. 

The next substance which Sir H. Davy sub- 
mitted to the influence of the Voltaic battery was 
Sodttj the other fixed alkali, which yielded to the 
same powers of decomposition : from this alkali a 
metallic substance was also obtained, very ana- 
logous in its properties to that which had been 
discovered in potash ; Sir H. Davy has called it 
SODIUM. It is rather heavier than potassium, 
though considerably lighter than water ; it is not 
so easily fusible as potassium. 

Encouraged by these extraordinary results. Sir 
H. Davy next performed a series of beautiful ex- 
periments on Ammonia^ or the volatile alkali, which, 
from analogy, he was led to suspect might also 
contain oxygen. This he could not prove, as he 
did not succeed in obtaining the basis of ammonia 
under any other forms than those of hydrogen or 
nitrogen gases. The metallic amalgams give out 
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these g«8€« when they are destroyed, and if the 
bam of ammonia be a metal, its oxides would be 
hjdrogen and nitrc^en. When mnunonia under a 
gaseous form is made to pass over red-hot iron 
filings, these become white and brittle but do not 
increa^ in weight, and, consequentlj, do not ex- 
perience any oxidation. 

Thus, then, the three alkalies, two of which 
had always been considered as simple bodies^ 
have now lost all daim to that title, and I have 
accordingly classed the alkalies amongst the com- 
pounds, whose properties we shall treat of in a 
future conversation. 

The other newly discovered metals are obtained 
from the earths, which became next the object of 
Sir H. Davy's researches; these bodies had never 
yet been decomposed, though they were strongly 
suspected not only of being compounds, but of 
being metallic oxides. From the circumstance of 
their incombustibility it was conjectured, with some 
plausibility, that they might possibly be bodies 
which had been already burnt 

CAROLINE. 

And metals, when oxidated, become, to all ap- 
pearance, a Idnd of earthy substance. 

M&S. B. 

They have, beddes, several features of resem- 
blance with metallic oxides; Sir EL Davy had, 
therefore, great reason to be sanguine in his ex- 
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pectatlons of decomposing them^ and he was not 
disappointed. He could not, however, succeeA in 
obtaining the basis of the earths in a pure separate 
state ; but metallic alloys were formed with other 
metals, which sufficiently proved the existence of 
the metallic basis of the earths. 

The last class of new metallic bodies which Sir 
H. Davy discovered was obtained from the three 
undecompounded acids, the boracic, the fluoric, 
and the muriatic acids; but as you are entirely 
unacquainted with these bodies, I shall reserve the 
account of their decomposition till we come to treat 
of their properties as acids. 

Thus in the course of two years, by the unpa- 
ralleled exertions of a single individual, chemical 
science assumed a new aspect. Bodies were 
brought to light which the human eye never be- 
fore beheld, and which might have remained eter- 
nally concealed under their impenetrable disguise. 

It is impossible at the present period to appre- 
ciate to their full extent the consequences which 
science or the arts may derive from these dis- 
coveries ; we may, however, anticipate the most 
important results. 

In chemical analysis we are now in possession 
of more energetic agents of decomposition than 
were ever before known. 

In geology new views are opened, which will pro- 
bably much further develope that interesting but 
difficult science. It is already proved that all the 
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earths^ and, in fact, the solid surface of this globe, 
ar#taietallic bodies mineralised by oxygen ; and as 
our planet has been calculated to be considerably 
more dense upon the whole, than it is on the sur- 
face, it is reasonable to suppose that the interior 
of the earth is composed of a metallic mass, the 
surface of which only has been mineralised by the 
atmosphere. 

The eruptions of volcanos, those stupendous 
problems of nature, admit now of an easy ex- 
planation. For if the interior of the earth be 
the grand recess of these newly discovered inflam- 
mable bodies, whenever water penetrates into them, 
combustions and explosions must take place; and 
it is remarkable that the lava whidi is thrown 
out consists of the combination of substances which 
might be expected to result from these com- 
bustions. 

I must now take my leave of you ; we have had 
a very long conversation to-day, and I hope 
you will be able to recollect what you have learnt. 
At our next interview we shall enter on a new 
branch of chemistry. 
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